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The Court is respectfully requested to disregard the 
underlinings, marginal notations, asterisks and other mark- 
ings of plaintiffs’ counsel appearing on the pages repro- 
duced in the Joint Appendix. 
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SFLF BONDING INTERMETALLIC COATIKGS 
FOR HIGH TEKPERATURE OXIDATICH RESISTAKCE 


« wigh texperature strength end oxidation resistance of the interretallic 
compounds, nickel pluninide in perticulor, ere well Imown. Its comperstively . 
high strength and execlient oxidation resistence st temperatures over 2060°F 


make it an attractive nateriol for turbine bleding end like applications. 


vious coatings of nickel slvminice, fused to 


:ld provide excellent composite etructures 


It has long been felt that inper 
the nickel aluninide : ‘ 


miscellan.cus bese moterials, wo: 
ucofyl nt terperatures nearly up to the melting point of 
000°F), in a variety of corrosive environments. 


The firet atterpis to produce a fusion bonded nickel aluminite coating vere — 
made in Cctoter, 195L, using simple mixtures of nickel end alurinum powder — 
sprayed «ith e powier gun end heat treated after deposition on the base 

matcriol. Results with this method vere not conpictely guecessful, qvite i 
{necnsistent, due prodably to the oxices introduced into the coating during 


the spraying operetion. Probably for the same reson, layered coatings of 
nickel] ond ajurinun epplied vith the vire gun and svtsequentiy heat treeteé: 
not successful. leo attexpis were made to ‘effect the formation of nici.ol 

slumini¢de cnd bend the layer to the base in an atrosphere furnace with either: 


powdcr or wire sprry- 


I hed Sherritt Gordon Hines, 114., 


prepare a special powder, the perticles of x»ich were comostd of a core of. 
@lumizur overcoated with @ sheath of nickel, “hich arelized €1.5% Ki tnd — 
¥E.S% AX. I thoveht that the heat of forretion of che nickel aluminide 


fen exothermic combination rese 
dation resistant coating of nick~*. aluminide. na ae 


(1) Even this first composition powder is celf bonding on a fine ground 
_CRS pene) with only & mild prehect. So far not quite 100% bonding 
coverege hes been achieved, but the tond strength is high enough te 


anchor a .050" thick #101 coating sprayec kot. Coatings of nickel 
lrost 100% of the bare coated 


aluminide separated from the bese leav 

with @ bonded layer of nickel aluninids. The nature ef the bond and 

- the bond strength are vaknewn at ti * t “e3 work must be cone to de- 
termine the nature of the bond, bon. strengths, and the optinun Hisal 


. ratio.« 


(2) Self-bonded coatings will fuse 100% to the base materiel and opparently. 
will protect @ mild steel base material from high temperature heat 
corrosion for extended periods of time. Long tine heat corrosion tests 


ghovld be rune 


idon) \ovld aid in giving a self-boncing oxt- 
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Ronding Interretallic Coatings cage? 


Belt 


ickel-aluminun compound (nickel aluminide) in the 
Post hceting of an applied coating shows no bleeding 
metal's MH. P. At 828 terperature around 2 ? 
approximately the melting point of nickel, a few 
1 exuded frem pores, 80 I would assure a slight 
&| exees” of nickel, not corvined with aluminun. At the terperature at 
Bi which iron oxide melts, cpproxinately 2600°P, the coating was still in- 
ea tact on the fece and vas not relted. The K. P. of nickel aluninide hss 
ona been reported 2s 30000}. Gxidetion hed crept in from tle ecces, but 
- the center face coating of the panch was intact. There were sore signs 


of melting of the CRS buste 


(3) The, formation of an 
. flane is poritive. 
ee _ of aluminum et that 
(judging by color’), 
-. 0) palis of bright mete 


(kb) In cpite of the sppsrent "softness" of the coating as reasured on the 
Pockwell Hardness Tester, the perticles in the sprayee surfece are hard — 


ond sbrasive crouch to abracde haréened steel. The literature indiceted 
that dedies of nickel cluminide, in srite of their apparent “softnees,* — - 
are difficult to nechine because of evcessive tool weer end had to ve a. 


ground. a : e 


Used a5 on widercost for cersnic coatings, cither on & ground or grit 
blested surface, the nieal wil) protect the bese from oxéation at 
high terperaturcs. "yids must also be checked for protection of molyd= 


,denum and colw.viun at high terperaturcse. 


| " (6) As the netallic phsse of 2 cernet containing sluninca oxide,” LOZ Wi-al 
. Be ce 40% 101, the nickel Aluminice will persdt usage up to alrost 3500°F. A 
a coating sonroxinately .010" thick withstood a nurber of quenchee fren 
: | : over ZcCOOF to cqid water. Kore therral shock resistance can te obtained 
Jecluninide + A°-> ratio. This 0:60 xix of ti-sL 


Cetylene in the P gune 
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Ag did not smoke when sprays’ with & 


: [t |. fhe cormet in the one conpesitien checved may or may not be self bozcing. 
Tv is not a good bending coat for srisecuent ceramic coatings becauze of — 


oa | ‘the extremely, smooth surface of “he cermet as sprayed. 
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Neyorated frum ‘Phe American Veremie Raciety Hultrtia, Ved. 46, No.6, June %, 1069 
Cogep recht 14d by The Ameren Cerne tuchety 
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New Flame Spray Technique for Forming - 


=.) 


| Nickel Aluminide—Ceramic Systems 


F. 4. DITTRICH . 
Metco inc, Westbury, tong blend, Mt Ve 


” 


OFrsse SPRABED matcrialsin general .  Aflame spray process and material* has been developed for depositing 
use today ure cufventional forme of nickel aluminide coatings which are “sclf-bonding” te the smooth clean” 


pat base materials. layer of an . sidation resistant material, guek as an 80:20 
Under special yay cumlitions such as nyplete atrnosphere nickel-chromiuin alley, which mechanically bunds well to grit 


metals, alles, or ccramics, which in- a 
dhule oxides, carbides, nitrides, borides, surfaces of many substrate materials, to provide adhesion for other 
beryfides, of other interrwtallie com- = sia vl sages 3 _ age ae ir in the new 
penne. ‘The. materidt in a resultant mat as been used in mixture with ceramic powders to deposit 
_ coating ishasivally unchanged in chemi- cermct coatings and to build gradated cermet coating systems. ‘The key 
= Beary teen he — — feature of the new process Is the starting material. ‘This is a powder of “ 
; Sted ee pate composite particles, cach of an aluminum cure cad with a nickel sheath, -~ 
. Md uxide. Alb coatings are porous to The exothermic combination reaction of these metals in the heating sone 
¥ _qume degree, asuatiy alant 5 to 207, of a flame spray gun results in the formation of nickel aluminide and the 
- depending on the material, the spray generation of considcrable heat. A conyparison is made Eciween nicked 
i 1 . Pe selony eed —, aluminide and 80:20 nickel-chromium alloy powder when used as a 
on Cones Seo bond coat {or zirconia coatings, and in mixture with zirconia to form — 
used te spray whre, red, und powdered sus 
B: .gy- materials with melting peints up te cermet coating systems. Canted panels were exposed to the high. 
F. i arcamd 3000°R, Masma flame equip: temperature flame of a plasma gun in ateady-state and cyclic teste, - 
oe met js used to spray uny powdered which included radical chermal shock, . . oe ., oe 
; matetius that will mch without de- : is ‘ Ea 
f composing or vupurizing on heating, : . 
| . [| ne matter tow high its moching point. 
t es ‘Bonding Fleme Sprayed Coatings a * 
: 4 a Ordinarily, grit Dizsting or grit blasting plus underevating composite structure is temperature cycled. . The stress cam 
Bi Lecheiques ase ured io lend flane sprayed metal, ecramic, of destroy the bund cumpletely, ever! when the sprayed erticte 
Looe * eetiget coatings to che substrate surfuce. This is required is first conled to room temperature after spraying, if the pre- 
a becuse, except for niybdenum, none of the comuonly used | heat and spray temperature ranges are not property controlkd, 
te | materiale is scti-bemiling te a amooth. surface on any of the Some addith {bond strength can be provided by spraying 8. 


= gomed in a chainter,. high temperature preheating of the blasted surfaces and to which the ecrainie overcouts will 


ry 2 
ma = 
ere 
« 


7q> : gubsteate, or both, tatier fame sprayed ruatcrials can be | strunziy bund. ‘This layer docs not eliminate the need for as 

if sande to scl-bemd ta some. substrates. The rang grit blast. rough a grit blasted preparation as can be provided. . 

f FS. jung usually reeuiredl ty fed ordinary coatings with sufficient Grit blasting for roughness can be eliminated by using & 

i "hand strength to be of practical use can deform thin-walled special “self-bonding™ sprayed Iayer to. provide Ses bond 

ae : _ glravtures sand dertroy their usefulness, ‘Che bend uf evramic Between the desired euating material and the substen ta. Sach 

ia, {| 3 Jenatings to grit bhisted mutterials with high thermal expansion a couting material resptines only that the base be celexa of all 

De ap wenk sinless additional honed cnatings are provided, surface contaminstion and heavy oxide films in orcs to fosin 

Joe “Phe siulicul diferences in thennal expansion rates between a metallurgical bend with the suintrate material, Welding 

Po ¥ ~' gethpale coafings and the nsital metaltic base materials (mich of the sprayed particles oecurs on impuct with the hue, and 

Fang qed el) revalts in excess shear-stress at the interface when the recpiires no subsequent heat treatment to effect the hound of to 
Cae ee : _improvedtbond strength. : 

: weno : : . Molyldenumn, the: must cummon self-bonding hund-cat 


2 : mmuterial, is wstally sprayed with a wire gus. Ts Sas { 
. a peers wae Fath aad eel wide peace fe apytications where high tenparatiores iin oxidize 
\Coramie Metal Systeur Disebm, Ne. 17-H4G), img wtuinonjeheres ure nut invelved, Its sae is restricted under 


* Patent ponding, these cvauditions, where the cuating-muisteate interface Wweme . 
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The Auther 


Ferdinand J. Dituich has been 
associated with the metalinzing 
and flame sprey process for over 
26 years. Except for his service 
during World Wer Il, he has been 
with Metca Inc. since 1938. At 
hast he worked a8 technician end 
drefisman, while he studied en- 
ginecring at night. tHe hes held 
engineering positions with the 
p conpeny since 1945 end is 

' presently senior engineer in the 

“ Research and Development De- 
to partment. A number of patents 
have been issued to him end others 
are pending, all celeting to flame - 
spray equipment, processes, and 
materials. 

Me. Bitrich ts the inventor of the composite nickel-sluminum 
powder for the fame spray process. Elis original ideas end studies 
‘with ewothermically reacting maceriats begen over 10 years 480. 
The ectuel developmen cf a practical composite figme spray powder 
had to weit for the relatively neve technclogy of cladding powders 
to-become available, but once this occurred the new type of pov-der 


Ferdinand 1 Cirtrich 


ie 
approximately Gou#, because of fits high 


euddatiee rate and the volatility of Hs oxides at somewhat 
higher Jemperatures, A number «4 other materials, such as 
tamteham and cvlaral inns are elf Avading to some substrates 
wander nord spruy consciséeas, Tut are not widely ased he: 
Actually nearly any intial inchading 
egies oF even steel can be self-lemding to sae nitbesteute - 
moterisie when «prayed unter conditions of cuntplete afinos- 
phere ccatral in a chanier, of when the sulstrate is heated 
gn elevated tcmypcrature, of a eontination ‘ef the two, 
Bewever, this is rarcly practical. Oxide ceramics ure gone 


ersfiy more difficult to bund te sareath surfaces. 


: Nickel Aluminides 

| Barly studies of the nickel ahuninides in 135 by Maxwell 
and Grau! indicated that these compounds possezectt excel. 
lent oxidation resistance, hich strenath, and good Injpact 
strengi. These wttrilutes sire primary requircments tor a 
material which is te be ted us a Dond cout at high tempera. 
qures fa oxitizing atiwspheres, “The formation of the nicked 
atuminidcs from the chensicat qanhination of nickel and ule- 
minure is acoumpatied By the acleuse of considerable hent. 
Beg exannple, when a mixture of nickel and ahuminuie powders 
ke heated to over the melting print of the aluninum, there is 
a vietent exuthermic combination reaction, There ure & 
aumber of nickel wluininide intermetallics forinedd, NEAL 
having the highe-t melting paint, reported at 2S 1°F.2 This 
is substantially higher than cither nickel of uluminurs, 


” Fleme Sprayed Nickel Aluminide 

Thin material may he thane sprayed in the usual manner 
startiag with preformed nickel aluminide gaoweer, ‘The de- 
coating is ned slf-leonding and has the tepieal porins 
structure of meet sprayed coatings. Phun sptayed mixtures 
ef wicked and aluminum powders do put react fa the Mame to 
form the nickel aluminides sand the coating produced is slinply 

ae mixture of nicked wad abunjeent poertictes, 


The starting procter foe ree consists af crane 
ee a ak Ae yelp aoe, 
pengeted tee a cll of mbked “hts fate od taboted cabassinuen 
pris alhows Iniviation od the exethermle cautdnation tac 


= 
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takes place, and the generation of 
duecs custings of nickel uluminide 
gure coherent, and bers gadsats than the astel 
cuatines, 2 

During spraying. 
appurcnd from the estra-bright particles in the spraystrcam, 


coudderable heat. it pitas 
which are sclf-Londing, 
faine «prayed 


evidence of the exothermic reaction is 


Motion pictures taken at Man) frames per eund slewed the 
judividual particles glowing m te brightly us their temperae 
Lure increased as they traveled further from the nuzale, away 
from the hottest zone of the combustion firme. This is in 
contrast to spraying other jeowders winre the particle tem 
perature reaches its peuk in the Hettest part of the flaine and 
then decreases during travel away from the ne azle, While the 
term “ignition” is used te describe the initiuth a of the reace 
tiun in the flame it shea be understend that no ec mbastics 
is invelved; the combination reaction dees net require and 
is now supported by oxycen. ‘This reaction will proceed to. 
completion im vacnum oF under inert or reducing 538 cover. 
However, during the spraying in air, there is #1 mv reaction of 
the ho. particles with ulmesphcric oxygen which produces 
game smoke ant oxide, Dut this is independent cd the eembina- 
sium reaction. eo 
Using special sample preparation procedures and an opical 
metallograph, Longe? revealed alloy layers at the interface 
between nickel aluminide purticls anda hardcsad 1995 steed 
substrate. Figure 1 shows 2. phaamicregraph of suck & - 
layer. Lungu chose the hardened steel te prevent relied from 
the nickel aluminide during p-tishing. Prive to enating, the - 
substrate was alternately ptished and ciched to remove any 


disturbed metal and finally polished tow nuximately 4 micros. 
inch (ua) finish. The actusl average t ckeves of this layer | 


igaleut Ole. The darkened ava is the martensitic structure 
uf the stee! sulstrate etched with Nital; the fight area isan | 
unetehed particle of nickel culumimide, The narrow 2008 
between i the alley bond layer, While the ¢: anpcition A 
this luycr hus m4 yet boon dcternined, it fs expected that this 
will prove te by an inom-nickel aluminate dy, : 


Ceramic ond Cormet Coating Systeme : 

This new powder has proved cifective in tending metal, 
ceramic, cermet, and gradated cermet coating systema tO 
varjous sulctrate structures. As noted Lefese, grit blasting 
for reunghness fer lnanting oF arit blasting plus termediate 
coatins layers for imsroving the bend, cat Le eliminated ty 
using this self-bending material. In addition, um improves - 
ment in bond strength is noted. Tensile tests showed thrt 
the bond strength of zirounia coatings with a 1:20 nich fh 
chromium alloy wnderceut en a gritlastcd stout bare ib 
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Pew Asan ate 7 na whe ened 
fig, %. Bighel oheminide pertiite fupperd and w hardened steel wboteate 
(lowet} Fewing the ullog bend buyer Belawen thy:s, the Interfece hee 
beeen ortended 16!,, times by tuper-sectionng at 4‘ to = substeete, 


os 
citiece 
rose secscsce 


“eo 
eoenn es © 
—— 


e eon : 

: > Pe oy este 

~ oo rgd sey ~~ . ted he my siti 
bol . 


, Ret Tempereture curves for heck-side of specimens 1, 3, 5, ond 7 after ; rs 
' heet weefing for 20 miavion 6. Specimen 3 cfter 50 miavies egatiavovs experure 10 plosme flema 
: stuninide bond cot or siccenla tepcost 


shewlng ne foilure of nickel 
i (1608 


4 slate jwont fax vaties.” The hedt flux was adjusted to the 
S esive’d valine with the calocizeter in proper porition; the 
Atgvamen Was then saoved into position for testing without on the face to be coated. by Liasting with —335 atuninum 
farron the heat source. This slide also permitted oxide powder at 30 ps alr pressure. Since 
| «ad of the specinicn irom the plasma stream in order to minide is sclf-bonding, the rough, ytit-blarted surface prep 
— Ol tyounch the. n in the cyclic heating-cvoling test pro- aration required fur nickel- chromium alloy was unnecessary. 
se. The total gas environment in which the specimen Ail pancls were coated with 0.05 in. of nickel-chronbum 
: | ws tested was net cuntrllable; the test setup was operated alloy on the lack to retard oxidation of thet suriace and te . 


in cle. Speckucn tomyarature was monitored by welding & equalize radiation and © sPOPCTUCS, 
Chreanel-Alumel thermocupic to the back of the test speci- The test cvatings were plas flame sprayed accceding to 
item at the ecnter uf the fume impin,cinent area. Jack- Table 1. The metal-ccraimic mixtures (comets) indica 
side temperatures were reeugded on a suillivelt strip-chart were proportioned to result in ayycoximately coma ‘ 
fh {, oxygen flow was proportions of nickel-chranium alloy 19 zisconia, 


\ 


\ 


recorder. Nitrogen fluw was 110 SCFi 

- 95 SCPU. West fux was approximatety 190 B1e1/ft?/see. aluminide to zieconia. F 

: Power for the plaana torch was } £.6 kw (240 amp at Specimen numbers 1. 3, 3, and 7 were continuasly exported 

7. GL ep. - The test parads were inorunted at 42? to the axis of the to the plasina Mat: foe OU aminwies, aftyr which they were 
} lemperature fermatly, Lc., witht forced 


plagena strezra, it;, in. from the nozzke fuce ineasurcd along cooked tn roan 
the oxia of the piassia sreain. i igure & shows the lack-side teny cratures of these 
Sically-state testa qmeisted of continucd expusure to the JS specimens, recorded fu the 30 minute heat-tn atiag schedule. 
a. fj placma Rane for SO minutes followed by couting in air. The The cluweness of the back-side temperature ct 
“ {| . shock terta ounisted of cycles of exposure to the approximate) equal insulating value fir afl 4 coatings 
a, plisna flame for 3 minutes folleeved by rapid cooling to room The reason for the gradual back-side tcimjcrature increas? 
z : ure via compressed air lasts on Doth front and back on speciinen 47 during the sast 4 minutes of the test cvuld rot 
{| of the test specimen for a period of 3 niinutes. The shock be Dvuminel. Vianal examinatia of the four spucimens 
) 
j 
: 


_ tests wore guntinued for 15 cycles, or to failure. Nack-side showed no noticeable failure during of inumdintely after 


yi apy pi were contianously recorded for all speciinent the test. : 
The erecimens were cut through ihe evater uf impingeeryat | 
_ arca of the plasma flame, mounted, and polished for me 
re ernst ects 


1g the entire test. . 
Test cancls were prepared by plasma-fluine spraying ap- 


ste enatings onto 2 by 4 by 3/5 in, thick culd finished graphic examination. Figures @ ava 7 4 
Panels for nickel-chromini alloy systems through test panels #3 and a7 respectively. As Mustrated Ly. 
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fig. % Specimen 7 of plchel-chromive alley bord coe? ive sieconte top> 
goat, Virble foilvre ta center of imp: gement area 20 
nlngtos continvers enperer” fe plore fame, (100) ae 


+e 


temperature curve fer the back-side of specimens during . 
heeting end cooking cycles (ypecinen 4) 


fig. 9. Specimen 4 after 15-cycle thernel shock test showing ne fallwe le 
coating iptem (XX 100) 


‘ ct a a bs 


ore SEE em NS As TOTS e was we 8 om 4 


a oe Speringa 9 showing foflure between substrate ond nickel-chror 
alex, Bond goet, ond between bend cool ond zkcenia topcoat ta 
vs the Sah cycle of thermal shock test, (100) 


teperat, was wadama;,-d at the en: uf the test. Speciinen 
7, wicked chromium atey bond eat plus zirounl. nent 
(Fig. 7). showed separation of the Land coat frean the schstrite 
and cracking in-the ziromia nvar the toperat-bnd cut 
interface when exposed under identio’d cunditins, 


_ 


Spevivens 2, 4, 6, ond § were cxpeed tea masimum of 13 
thermal cyeles which oadirted of beating for 3 minus and 
cuding fea 3 minutes uncer cotelitians provien-ly ¢ 
Figure 8 shows a typical back side temporatare curve cupicd 
from the scoring mak: during the thermal evelé tert 08 

a 24. Ia heating, panels reached? hack- 

tempcruture ie about 2.5 miqutes one then stubiieed. 

In cooling with an alr Mast on futh frat and back faees, 

the Wauck-side of the panel reached room .cmyatatet ia bo 
proximately 2 mniemtes and remaisied fee 1 a 

cart of the su! .cyiat leating cycle, Maximum back-side 

_ayperature sa" JGGIP, ‘ 


Spccimen nuwiaze 2, 4, and 6 shuwed no noticeable fellure 


during the tes. Sacinen +3, nicke afloy bond 


}-chromiuin 
cout plus ziromia topovat, failed dite to separati. aod *he hond © 


coat fre, the rulstrate und the zircunia frem the bend coat 
ir the acating phase of the Mth cycle. Figure 9 is a cross 

-otion through the center af impinzement of the plaqng 
Sune on specines ummler 2 shel aluminidle bad cnat plus 
zirernia topo. It Murtrc: that there was 20 failure fa 
dhe coating system. Figus 10 is a similar crurs sectka 
through spccin an number S, nickel -chreanium alloy Lond cust 
plus zirconia toperat. It shows the separatiea 


freass the be cA coat. : : 

None of the cormmt coating haga ee Lad 
and 6, ‘howed ey failure during of ¢ ly after euher 
the steady state or the thermal cyvle test, £¢ no evadusions 


are denwn in comparison of nickel-chr gum aF oy and nico Ree 


aininile in this type of system, 
Mat.) Ps und procers research for flame-t,« sved evating 


* outeriats hae reantted ia the develoganent ef 4 nat evating 


powder, vickel doi aliemiaum, Tits owaitnz matetil is 
self lcavtiig to sivest's surfaces cf a wide variety «i va 
mated’. aad partes on excellent bund er srt scope, 
convention? cee cel* eerinet, ap metal cuatis: With the 
nickel aluiningty 4 cisture ¢ ab evtamic mate: 21%) eR 
coatings and grecutea cermet coating systems Fave een 
tested; these show goed reristance to acter? sation at 
temycratures, and very god thermal sho.k resistance. «6 
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METALLURGY OF FLAME SPRAYED NICKE ALUMINIDE COATINGS* 


by ay a 


Frank N. Longo 


ABSTRACT: 

. ? Coatings deposited by flame spraying a nickel/aluminum composite, either 

{| 2. ar or wire, adhere to most substrates by fusing to form a bond laysr. 
P| heat-affected zone 1s minimal, less than 0,001 in. deep. ‘During 
ape nickel and aluminum combine in an exothermic reaction which 
fac a coating composed of several metallic 


{| | {tates bonding, ane results in 
- © phases and oxides. Nonstoichiometric nickel rich Nit’, NigAl and a solié 
um in nickel are believed to form in addition to pure ° 


fi solution of alumin 
-f nickel and glassy oxides of nickel and aluminum. 
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METALLURGY OF FLAME SPRAYED NICKEL ALUMINIDE COATINGS 


INTRODUCTION: 

In recent years, the flame spraying industry has witnessed a significant 
advance in the techniques of bonding a surface coating to a substrate 
material by using a sub-bond coating of nickel aluminide. — 


The protess end materials involving the use of flame spray powder apd wire 
fn composite form were originally introduced by F. J. Dittrich. ) 
Today there are three self-bonding coatings, FETCO 404 powder comprising © 
a nearly spherical aluminum core with continuous nickel shell and 450 paver 
containing .&% aluminum clad to a nickel core and 405, a nickel-aluminum =. 
-eomposite tn wire form. Coatings can be deposited by a combustion flame oO... 
spray process using oxygen and acetylene, and by plasma flame spraying. The b> 
site METCO 450 or 404 nickel-aluminum ponders or KETCO 405 wire are. ~ ze 
peated to an ignition point, where the nickel and aluminum combine in an oe 
> gmp thermfe.reaction te form nickel aluminide. Ouring spreyise evidence Of =. sis 
.. the exothermic reaction is apparent from the extra-bright particles in the - 
8 stream. Motion pictures taken at 8000 frames/sec showed the individual 
* particles glowing more woth se as their peg aay increased as they trav- —. 
eled further from the nozzie, away from the hottest zone of the combustion 
fiame.. The particles adhere to smooth, clean metal substrates with bond 
. Strengths between 2750 psi and 3500 psi. Host other flame spray materials 
pequire surface preparation such as grit blasting. Thus, some sort of metal- 
lurgica) bord is indicated. ; 


A number of investigators have expressed interest in obtaining more information =~ a 
_ about the coz’ ing structure and the nature of the bond. This paper };cesents 

g metallurgical study of 404, 450 and 405 coatings and the bonding interface,- 

and a discuss‘on of the heat-affected zone in the substrate, Special sample . 

preparation techniques which have proved useful are also described. Me gs 


EXPERTIVENTAL PROCEDURE: . 

Initial considerations were based upon probable ros temperature structures 
“ot. predicted from the nickel-aluminum phase diagram. 3) However, ‘drastic 
deviations from equilibrium cooling rates and the inhomogeneity due te the =. 
rapid quenching during the spraying process made these results inconclusive, - 


It:was decided to melt and cast nickel and aluminum in vartous property ons. Pe 

* aid use the resulting structures as guides to this study. Ten grams 6 eachnsee . ee 

of various mixtures of powdered nickel and aluminum, and 10-g of HETCO 406. oe 4 
er were put in alundum crucibles and heated with an induction. cotl.. : i 


hen the temperature reached poe ys ship aft the powders reacted @xo- 


:\\thermically and melted. The power ws shut off @ the melt was cooled 
‘papidly by blowing air over its surface. Each pallet formed was sectioned =. 


4 + ‘ 


ot ney 
ae ' 


£ 


“and prepared for metallographic study. 


These cast peliet structures power 
with the structure of NiAl and Wighl descrited by Guard and Turkalo (4 


» were 


red to the structures of sprayed coatings. - Microhardness data using & 


{ndentor and a 50 g load were used 
metallic compounds whose hardness vary wi 
content. oo 


in addition to the metallographic study, 
thoroughly ground and subjected to X-ray 


ya 


Bond LAYER AND HEAT-AFFECTED ZONE: 


to help identify the various inter- 
th atomic structure and aluminus 


a sample of the sprayed 404 was 
diffraction analysis using cobalt. . 


radiation in a typical Debye-Scherer camera with 57.5 radius. 


Ee 


= 


Samples of steel substrates were coated by flame spraying using combustion 


flames and also plasma flames. 


Metallurgical studies on these samples to 3 
deterinine the nature of the interface met with several difficulties. Probtems 
_ ware encountered when normal sample preparation techniques were employed, 480. |, 


1, The nickel aluminide coating was harder than the steet sub~ 


The mickeaking it very difficult to obtain a reltef-free *: ite 


interface. 


2. Cold working of the substrate surface during we 
a nding or grit blasting) interfered w 


: (surface gr 


- observations of the heat-affacted. zone. 


aration : 
_ 


‘To solve these and other problems, the folleztng technique was used: High 
carbon steel (1095), quench-hardened to @ fully martensitic structure, was 


used as. the substrate. 


etched (with Nital) and polished to remove all disturbed metal. 


The surface selected for spraytng was alternately . 


The: ree 


sultant structure was the normal white martensite which readily shows the 


effect of subsequent heat tenpering. 


Immediately after the final polish, & 0.010 in. thick coating of 404 nickel 


aluminide wes applied by the conbustion flame spray process. 


This specimen 


was carefully surface ground in a plane at 4 deg to the hardened substrate. 


‘The ‘exposed surface was then mounted and 


gation; The final polishing step was. done wit 
Cutting through the interface;at 0: : 
thickness of any: tee 


effectively minimized particle pull out. 


- the Yow angle of 4 deg gives the effect of increasing the 
sJayets approximately X14-1/2. The similar hardness of th 

, > goatihg minimized relief at the interface. eee a 
. Other specimens were sectioned at 90 deg to, the interface for study of the - hs, 8a: 
- peat-i {n addition, others were polished down thropgt the 0 2 
ge Hy to the interface for study in a plane parallel to the substrate. 7. 


- feat-affected zone, and 
stain a polished plane at the interface 


prepared for metallographic investi~ Pe 


th a vibromatic polisher, which 


steel-base and the. 


between the sprayed coating and suye - 


strate step-by-step polishing with frequent observation was conducted. 
3 é Ps, 7 : a3 : . SoS 
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"  METALLOGRAPHIC RESULTS: 


_ of similar 


$f soraying. was done improperly such as at the wrong spray distance. On the. 
; other hand, argon plasma sprayed 404 usually has identifiable free aluninum, 


| The nominal composition of each METCO 404 particle, shown in Fig. 6 ig 80%: 
‘ . Al. an 
the two-phase region of NIA) + WizAt. However, in sprayed ceatings the 


- 


’ 


4 ‘B4éferent quench rates among particles also contribute to structure differences. # 


The structu.e present in a cast pellet obtained by melting the nickel clad mee 
. aluminum powder is shown in Fig. 4. By direct comparison with phetoni crogrepie se 


agrees with the hardness data published by Gralal 


“sprayed. coatin: shows a. distinct color. change from particle to particle.and/or |<. 
“within 3 single particle. This color change was observed to exist only for ‘ 
particles of high hardness or those which etch with the striated structure. 


p¥imarily due toa loss of nickel and aluminum as oxides. The fina) conposition 
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A necessary step in the study was the developmerit of proper techniques for 
polishing and etching the sprayed coating-substrate systems. The methods. 
used are described in the Appendix. : 


METCO 404 Metallographic examination of sprayed coatings revealed a conti nucus | 
structure of individual particles composed of several metallic phases and : 
exides - Fig. 1, 2 and 3. : 


ef similar specimens by Guard and Turako(4), the striated yo was identified’ . + 
as a transformed non-stoichiometric nickel rich, nickel aluminide (stoichi- 
yh contains 68.50% wt nis while the unetched phase was identified 

as rs ' : . ’ 


Using these characteristic features observed in the pellets as 8 guide, trant- 
formed nonstoichiometric NiAT particles similar to structures found in the 
castin Hiv found in sprayed coatings, as shown tn Fig. 5. Other particles . 
ardness which do not show the characteristic striations may be & 
retained high temperature form. In addition to these particles, there are 
also soft unetched particles. These can be either Nigh] or & solid sojution 
ef aluminum in, nickel or, perhaps, @ combination of the two. Microhardness -. 
data in Table 1 substantiates the differences bet rr phases and closely sa. a 
5) for -WiAl and Wi3Al. es 
Accerding to Bradley, et.al. , (6? the color of N#Al will change from 2 yellow & 5° 
for the nickel rich HiAl through gray and blue at the stoichiometric campo-;..° .. 
sition. Hicro.copic examination of the polished but unetched surface ae. 


Additional tests for free aluminum in the coating were made by treating with @ 
$% NaH solution, There was no reaction to indicate any aluminum in nitrogen 
‘plasma sprayed or. ThermoSprayed coatings, except in rare cases, particularly 


Ni and 20% Al.” Under equilibrium conditions this would place she ow ..3 


proportions vary from particle to particle. It fs believed that sts . 


| agp tiem ‘may be as mich as.% 5% from the nominal, and partially explain 
reason fer. the structural change from particle to varttee im the coating... 


nn 
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E a A percentage © * hard nickel alumintdes. 
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-golid solution. The reason for the deposition of mor. hard nickel aluminides 


oe | 19 ’ - Ne ? on : 


" METCO 405 4s an especially developed nickel-aluminum composite wire fer 


pore i It is chemically similar (80% nickel - 20% aluminum) to its powder 
fvalent METCO 404, The coatings produced, {}lustrated in Fig. 7, contain 
-gTmest 311 fromestoichiometric WiAl, estimated between 80 and 90%, the remain- 
. particles, and/or portions of particles being Hi3A1 or aluminum/nickel 


4s that most of the exothermic reaction and alloying takes place at the molten. 


-wire-tip just prtor to atomization. A’microhardness survey of those pai icles . 


4dentified as non-stoichiometric NAAT show a range from KHii 410 to 479, 
dependtag- upon the percentage of aluminum in the phase. Study of Fig. 7 shows © 
Various shading in particles whtch is er of color variations nermal to 

HAA) and described by Bradley, et.al.(6) Approximately 5% of the particles 

have a hardness of KHil50 270 which closely corresponds to lii3Al or nickel/ 


* gluminum solid solution. The coating hardness of Rc22 also reflects the large. 


Ss Enis 45615 a composite powder comprising 4.5% Aluminum clad to # nickel core. =>". 


-¢ 


~ Pan 


exothermic comaination results in coatings of very high density. Particle... 


* ““geyuctute was ‘compared to standards 2s were HETCO 404 coatings and found to be 


_ primarily nickel with some nickel/aluainum solid solution. Only minor’ per 


centages of non-stoichiometric WGA and WigAl, estimated at less than Ss, wer@ =.” 
found, Because of the relative absence of hard nickel aluminides Thermospray ee 
coatings 2 soft, Rb 65 and plasma coatings depending upon choice of plasma 
as vary from Rb 6C to Rb 80. ThermoSpray and plasma spray coatings are illus- 
rated in Figs. 8, 9 and 10. Unetched coatings shew none of the characteristic 


‘6 pray ane ‘blue colors indicative of non-stoicniometric NiAl. ticrohardness. 
verifies the absence of NiAl since particle hardness of ThermoSpray coatings 


‘gprayed coating. 


arr a 


{s KHNsg 150, .and plasma coatings KHisg 193. Because of the small quant ee 
aluminum in 450 powder there {s seldom any free aluminum found ina properly |. 
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X-RAY DIFFRACTION STUDIES: ere Cee 


‘An Xeray diffraction analysis was conducted on 404 coatings to further identi fy. . 
phases and afford correlation with metallographic results. The data, although - 
interesting was rot conclusive, The mejor identifiable crystalline phase found 


“whe Wi. There’ were many unidentified lines (sce Appendix) in the film which 
‘de not coincide with any of the known aluminum nickel compounds, nor to the 
_enides of nicke) @r aluminum, To further complicate the picture, Bradley ) — 


reported that She. identifiable lines of quenched Wi3Al are scarcely differnt - 


hs “from Ni or ttic so’4d solution of aluminur: in nickel. Thus, considering the 


‘vather drastic quench rate normal for flame sprayed coatings, 1% appears that 


JF tatner ecsyats cannot distinguish betwen Mi, NiZAl or the solid so ution of 


. gluninuin ¢# nickel. 


, * i 1 
: 
Yt a 
Weed - 
» ger ‘e 
a 


we 


~ 


-. gollected = gy by 


. gertia.Alg03 lines ‘rom their normal posit 


“s Vayer.. The -alloy zone varies in thickness but, in any case, 


It can atso be expected that X-ray analysis would not pick up smail quantities 
of nicket rich, non-stoichiometric NiAl if contained with other phases. - 
Typteally, as much as 15% may go undetected. The National Bureau of Standards 
‘has data only on stoichiometric NiAl, and there is no standard for. quenched 
nonestoichiometric WiAT. 
the film are for the non-stoichiometric NiAl. 


OXIDES: 
The black phase readily ob 


served in all coatings of METCO 404, 450 an? - 2% 48 
an oxide typically associa é 


ted with nickel aluminide coatings. 


“Combustion coatings contain more oxide than 
because of the oxygen {n the flame, as well as the lower gre votocity 


“nd longer spyay distances which result in increased dwel 


Some portjeh of the oxide fs seen as smoke during the spray process, while 
the reamiging portion is 


here was also a smal) amount of another compound possibly = - 


¢ 4s 
. peat 


and — 1203. 
@ spine). This latter possibility was suqeestee by a slight shift of. the 
on. However, neray “°° on the 


eprayod, Coating snows no evidence of crystalline NiO, gemma 0 
fal has resulted ia 


Apparently, the high quench rate of the depositing mater’ 
although analysis ef" 


s or glassy structure. It fs concluded that, 


“oe gn amorphoy 
-.* the smoke does indicate the formation of -Al205 and Wid, the oxide 3s deposited 


is primarily non-crystalline. However, sma percentages of crystalline 
oxides could.ga undetected as discussed for the non-stoichiometric HiAl, 


BOND LAYER: 


Interfacial studies ina plane cut at 4 deg to the hardened substrate show ~ 

what appears to be an alloy layer distinct from either the steel substrate’ 

_or the nickel aluminide coating. A typica) layer can be 3°" in Fig. 11. 

“This effect is similar to the findings of Alisop, et al.(8), with their work 
‘on sprayed molybdenum. Aprerentiy,. the substrate era immediately under & - 
sprayed particle of the exothermically reacting nickel-aluminum $s heated 

_ “gutfictently to melt and fuse with the nickel aluminide, forming the alloy 


‘Further examination of the interface shows that the 
“alioy bond 4s. discontinuous, exists along about 50% of the interface line, - 


’ and varies. ia thickness up to about 0.Su. Minimum detectable thickness by 
u. The composition has nov been determined, 


surface effect. 


this technique was about 0.05 ‘ie 
Tayer is primarily a ternary alloy of Wi, Al and Fe. 


; but it.{s probable that the 


J 


the plasma coatings, recy | . 
tina in the flamed » 


deposited in the coating. Samples of the smoke were 
Xeray diffraction. The main phases found were nto, 


ee 
fS ie 
ite 


3 or spinel. 


is merely a thin . 
visible . ~ 


It is possible then that the unidentified Vines in 
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phic study paraliel to th 
apparent alloy layer confined to the 
This effect 


was seen under 4 out of 23 particies observed through 20 polishing steps. 
This would be statistically consistent with an alloy layer 0.du thick under 
stap removed about Jue \ 


{ : gil particles if each polishing : 
I ayer visible in Fig. 12 15>. {a 


: In addition, results of the metallogra 


4}lustrated in Fig. 12, 4 
area imnediately beneath the center 0 


~~ .. question erose as to whether or not the 
“fact, sone portion of the nickel aluminide eae: which imbedded in the 
gubstrite. Reference is made to | veh y the National aureau of Standards © 
aie?) (concerning the damage caused by water 
ft) was extended Zor application | 


—. droplets on Yeading edges ef high-speed aircra 
Coe "te flame spraying. Those workers used an equation for the lowest drop veloce- 
‘op aae which damage to the meatal wil] occur, 4.¢., the minimum vetocity at 
: -% 4 o which a liquid particie will imbed itself in a substrice upon impact. 
on . Ax attempt was made to determine if nickel aluminide narticles sprayed gee ey 
fully hardened-SAE 1 : 


- the combustion process wilt, .upon impact. {mbed in 4 rs 
In this calculation the density of molten nickel aluminide 


_. ¢ hl gteet substrate. 
: ml WS as. med to be 7.0 g/cm, and the velocity of sound through the lt ui 
ae - yet was taken to be about the velocity of sound through water (1.5 % 
ed, "YO°. cm/sec). Using these values in eq 1 (see Appendix) the lowest particle = 
5. welectty: at which a particle will imbed in & fully hardened steel would be 
velocity of particles from the SP flame 


se bout 107 00d ft/sec. Te average 
‘goray gun is. about 150 ft/sce. It appears that the order of ma nitude 0 
fs well beyond that which occurs 1A fiame 
1 aluminice 


Bog caprayting, making it highly un 
ee would penetrate the surface © except by 
- fusing with the surface leyer. oe 
as ae) The depth of the heat-affacted zone in the substrate {s cleerly shown in Fig. 
(| 5 13. Associated with each impacting particie is 2 dark, crescent-shaped 
: heat-affeccud zones having greatest depth of aparoxinately 6.001 in. 
\ '. wt the center and decreasing to the surface at the edge of the particle. . 
is - ar The peak tempera tur decreases from the temperature 0 the molten alloy pont 
{ oe layer at the {nterface to sae 400 to 500°F at the maximum depth of: 0,001 
‘oo ine where tempering of the martensite ig visible. Figures il, %2, 
. Sa a “, fire complementary and together show the full effect of a particle 
Denes | (|. ae —-gluminide arter it bonds to 2 steel substrate. Although the microstructures 
J) ghown. here were generated with 404 coatings, similar work was done ¥' th 4 
i gnd 405. The results ware the same, therefore this discussion is equal lye ~ 


wan 


weer 


"yppticable to the bonding characteristics of 450 and 408. 
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os -concuustons: 


ae 1. Combustion flame sprayed coatings of 404 contain approximately 60. 
_ to 70% Ni3AT, or atuminum in solution in nickel and/or combinations of both, 
while plasma flame sprayed coatings contain 65 to 75%. Additionally, there 
- 43 an estimated 10 to 20% nonstoichfometric nickel rich H4{Al and/or & 
retained quenched form of nonstoichiometric NiAl in combustion and plasma 
flame sprayed 404 coatings. ao is 


a 2." Plasina sprayed and combustion sprayed coatings of METCO 450 are 
relatively soft. They contain approximately 90% nickel and nickel/aluminua 
-golid solution. Only sinor percentages of non-stoichionetric RiAl are found. 


3. HETCO 405 wire coatings are primarily non-stoichiometric RIAl, 
estimated between, 80. and 90%. Some softer. phases are found. 


4. The remainder of all the coatings contain oxides of nickel and. 
aluminum, these oxides being primarily amorphous. | 


8. Flame sprayed nickel aluminide coatings bond to most substrates by - —e 
fusion, forming an alloy layer. : oe 


6. On steel the alloy bond layer fs discontinuous covering perhaps 
§0% of the surface, and varying in thickness up to 0.5u. 


7. The heat-affected zone in ferrous substrates extends to a depth of 
approximately 0.001 in. immediately beneath the center of an impacting particle 
ef nickel aluminide. ae 
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Spectmen Preparation 
“1, Rough grind to a flat surface with a s{licon carbide wheel. 


2. Rough polish through 320, 400 and 600 grit silicon carbide at 
1550 rpm, kerosene lubricart. 


3. Polish with 9u diamond paste on Metcloth at 550 rpm, eee 
Wworfcant. 


4. Polish with ‘tw diamond age on metcloth at 550 rpm, kerosene 
- Jubricant. 


S$. For final polish a sturry ms gamma alumina (Q. iw) on sanat cloth 
using the Vibromatic polisher. 


Etchants: The nickel aluminide coatings \ were etched with eithers | 


Carapelia’s Narbles‘s 
Reagent Reagent 


§ g ferric 
S nloride * 9 speete 
20 mi HCI 
. mi H26 


Koay — Data 
Intensity "4" Spacings 


Se ad 


ware vw * no weak’ w = weak; m= medium; ins: * medium ili s = strong} 
vs = very stros), V¥S @ Very, very strong. 
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Equation a 

| 1 
vy) wel(z +z") | 
(pclz'3)1/2 


where Vj = lowest drop velocity; e = dynamic compressive yield strength of 
metal; Z = acoustic impedance of liquid particle (Z = cp) where c is velocity 
of sound through the liquid, p is its density; 2) = acoustic impedance of ee 
meatal substrate; p = density of liquid particle; cd = velocity of sound through = 


i metal substrate. 
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Plasma 404 coating sprayed with argon plasma. Black areas are oxides 
ang off white areas are non-stoichiometric HiAl. Unreacted aluminu: can 
be identified as areas which are pure whit: with black specs. 300. 


Substrate etched with Nital. 
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Photomicrograph of structure after mel*ing and castin 10 g of METCO 404 
er. Shows the transformed non-stoichiometric NIA (striated) and 
43A1 (unetched). Marbles reagent. X533. 
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- Example of transformed non-stoichiometric NiAl as found in 404 coating. The 
‘striated pattern is readily seen at this magnification; however, a$ may be 
noted in Fig. 1, the striations are not readily visible «t lower magnification. 
Caray2}la’s reagent. 1300X, 
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erese auction through a #404 particle showing the slenienn core with 
continuous nickel shell. 
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TABLE 1 ~ Microhardness Data 


Al in oe | 


H : None 
?— ec stoichiometric - golution in ; . 
NAAT . Nt or Ni3Al a 
ee 
if ‘Plasma flame sprayed 404 68 6 320s«G 
if Combustion flame sprayed 404. ——s«5 54 73 290 . 60 
| Composition 25 w/o Al. Composition 13.3 w/o Al 
1 ' As-cast .As-cast 
} \oardness data by Grata E. n.4 Raz2 Rid, 


‘ . 
| Beauessseusesensscrssensessnesresssens SeURURESRMRRE SATs RAREEA SAAR ES ESA AS SEEEEEsSSSSs 


» Me 


ONTO FT ERT 2 


. 


eee we i 
(divans +e > ‘om eG 
A ; . 


0 we » ~, > + | sit 
Ne aG% OSS eee 
he “Se ‘“ an : 
pa oe ™ ee eee 
é “7 ae wine <e + “ly 
gs ett @odex, ee’ ee 
eee ft tee ee i, ‘ 
H = . oo ey ie ° ¢ q ) r oe ms 
SW 2 ef is Rent + prton, 
pn, Tr. e 7 sah, Perks 
[So Coe a. Pg tare 
, . s ae 4 e, ? @ fs 
oS ie oft ade . i a @ 
| { i . r ete * ae betel aie. i 4 * thy. : 
« * ey: +9@ *e & 
OF eS oh ae aibinn ie m 7) yh Malay Eady . 
"ip sha o ; ny awe . me ote PY 
Mage ie * i oe, y ‘ —9 Troe “Lage ms 
} - « lg bd Pe tee } q te ¢ 
\ ° +f : oe te ae o.* «th -*h 
pit oe. * o S . °° an are ot 


Cross secticn through a 405 cating spray i with an 8E gun. The non- 
stoichiometric NiAl particles cen be identified by noting the large 
ercentage of off white areas, X300. Substrate etched with Nital. : * 


Coating s unetched. 
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{| Cross section through a ThermoSprayed (5P) coat ng of MzTCO 450, Black 
areas are oxides. Remaining major phase is nickel/atuminum solid solution. 
X%300. Substrate etched with Nital. Coating unetched, oe 
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Plasma coating of 450 sprayed with a Nitrogen plasma. Black areas are oxides. 
Off white areas identified as non-stoichiarstric NiAl constitute less than $3 
of the coating. The remaining particles are nickel and nickel/aluminum solié 
solution, X300. Substrate etched with Nital. Coating unetched, 
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Fig. 10 


Plasma coating of 450, sprayed with argon plasma. 
same as nitrogen sprayed except this coating cont 
therefore the coating hardness is Rb 60. 
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Fig. 12. 


- A 90 deg cross section of 2 nickel aluminide coating on a polished: 
surface of ay martensitic steel. The steel is etched with nital te 
heat-affected zone from one article of nickel | 

d depth is approximately 0.00 in, at the center 

ting particle and decreases toward the edge of the particle. 
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“This photo shows a plane paratie? to the substrate at or below the inter- | 


to be the alloy bond layer which forced by malting. x533.° 


rue ms ce 
~ cn rm 
a fa nae tea Mamata ae seta 
eC ee 


ee # 
i: : 
‘ * 
-2a- E 984 
3 ; 
, ee ede , : bs * 
e LaF << z - .- 
. / 7 ee 
c . é 
te os Q @” . 
« a Py 
me em Pi ~*\. : pr aig 
So 8 we. 4 2S 
£ wid Fe 
eee . New . A 3} . 
. <, : 
e = 
a .@¢ . 
eC <0 . e - @ . Cu-.- ee ° Pet ed De rd 
. 7. e..° 5 enn S* e*® 
ws =* « .- : e os ace t OF ee%., 
a eanrtie sehe* Pe a ba eas «, & ie 
nee foe Se é 
~*~. »* t' a , Be ° - ~ Ss 
. Se a ee ag 
* e © ete . ee 9, 
-Sp°. a ee ce a ? ys 7.4 
. a ote oe. . 6s * af - 
ee ee 
etae at < : 5 SNe “” : “es oe 8 s x ; 
er 4% 63 . Rie Vee 
2% Us ; « . ne we. ee 
fs atl’ ‘, Poy) oe hs 3 “ << 


db pee cth ot aAtn'es Engl? Dlaciea uke Male th be 
Fig. 13 


face betveen the nickel aluminice coating end the martensitic steel sub- 
strate. Note that the entire area is martensitic except for a small-area a 
located at the center of the heat-affected zone, This white area {s belfeved =. 
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Meial-coated metal and ceramic powders ... 


2. . that promise improved properties for powdcred- 
metal and mectal-cermiic parts are soon to be nude 
aailible on a semicommercial basis from Sherritt 
Cordon Mings ‘Ltd, Fort Saskatchewan, Alberta, 


Carsnla. ° 

These are metal and noumetal powders coated 
with nickel, cobalt, copper and other met he by 
gacuns hydrogen precipitation fom an aunnoniacal 
soletion at temperatares of 300 to 409 F and pressures 
ef 200 ta 300 psi. Vartides © ging all the way 
fron toss than one micron te so. coil hundred microns 
ca be cuated this way, and lend themselves to roll- 


compacting (direct production of metal strip from , 
powder) as well as to the standard pressing and sinter 
ing techniques. : 

A special advantage of the new coated powder, 
says V2 N. Machiw, $-G's R&D director: ‘Mey 
make it possible to intraduce small percentages of 
sery fine, hard, nowmetal phases uuiformty throstghe 
ont the matrix metal, thus providing high-quality 
dispersion-hardened alless. One example is a nickel 
37% chrome oxide material which S-G has successfelty 
rall-compacted, using techiniqnes previendy develaped 
for and applied to production of pure nickel strip 
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4 i nel Correspondence 
Finsnhig 
-utectic+Castolin Institute 
| for the Advancement of Maintenance 

and Repair Welding Techniques° 


From 


Copics __ Mr 1. FP. Quass __.. 


. 


Subject 
RESULTS OF X-RAY -LEFRACTIO:: STU 


PERMANENT TECHNICAL ASSISTANCE ‘ 
- x > ® OF Ni-Al POWDER SPRAYED INTO AIR 
Kuclasize Processes ¢ Wearfacing Alloys ¢ EutecRod Alinys © EutecTrode Alloys FUTECTIC -29904 & M=ETCO 450 


Continuaus Electrodes ¢ Posdered Alloys ¢ Chemical Aids and Fluses 


A previ»: X-ray diffraction study of Ni-Al powder 
sprayea on test slugs found no Ni-Al compound to be - 
present. In this study, instead of being sprayed 
onto test slugs, the powdcr was sprayed into the 

air and collected in-a bucket. In this way the 
powder would be cooled down to room temperature at 

a slower rate thau previously, which might enhance 
the formation of a Ni-Al compound. 


— al lH 


X-ray diffraction analyses of Eutectic 29904 and 
Metco 450 powders, preparcd in the above manner, 
revealed the prescnce of Ni, Al end their respective 
oxides. Once again, no Ni-Al compound could be found. 
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COLORING EXOTEC 29904 


The following three RoToTce sprayed coatings were seat te 
E, F. Fullam, Inc. for microprobe analysis: 


Técut) fication Description Of The Coating 
Sample 1 Standard Exotec 29904 


Sample 2 27, PrCr0, coated on standard 
Exotee 29904 


Sample 3 1Z PoCr0, coated on standard 
Exotec 290% 


The xerox copy on the report from EB. FP. Fullam on the 
results is attachod. 


Findings: 
1, The standard Mxotce sprayed coating consists mainly of 
elemental ni: el ulth a trace amount of A1,0,- 
2. The addition of PCrd, in the range of 2-37, docs not 
change overall chemistry of Exotec 29904 sprayed coating. 


If you require any further information, please advise. 
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CONSTITUTION _ 
OF BINARY ALLOYS. 


- Dr. phil. Max Nansen 
Managing Director, Metaligerefischaft A.G. 
Frankfurt-Main, Germany. Formerly Manager, Metals Itescarch Depa 
Armour Iesearch Foundation, Chicage, Iliaels 


Second Edition 
Prepared with the Cooperation of 


Dr. rer. nat. Kurt Anderko 
Rescarch Metallurgist, Metaligeselleebafht A.G. 
Frankfurt-Main, Germany. Formerly Research Metalurgia, * 
Metals Research Department 
Armour evsench Foundation, Chicage, Mineola 


McGRAW-HILL BOOK COMPANY, INC. 
KEW YORK TONONTO LOXDOX 
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Al-Nb : ‘ 118 


3. W.L. Fink, L. A. Willey, and IL ©, Stumpf, Trans. AIME, 175, 1946, 361-375. 
4. EB. Scheuer, %. Metallzunde, 27, 1935, 83-85. Al of 09.7% purity was used, 
5. C.E. Ransley and UL. Neufeld, J. Inet, Metala, 78, 1950-1951, 23-46. 


Al-Nb Aluminum-Nioblum 


The crystal structure of the compound NbAl, (53.44 wt. % Nh) [1] fs tetragonal 
of the TiAl, (DO;:) type, with a = 5.438, ¢ = §.001 A, c/a = 1.542, 4 fermula - 
weights per urit cell [2). X-ray investigation of a Nh-rich alloy with, approximately 
10 at. (~3 wt.) % Al (3) did not reveal the composition of the intermediate phase 
coexisting with Nb or a Nb-rich solid solution (4. ae 


1. L. Marignae, Compt. rend., 66, 1668, 180-183, 

2. G. Brauer, Z. enorg. Chem,, 212, 1939, 1-22; Noturwisscnechafien, 26, 1938, 730, 
2. W. v. Bolton, 2. El-ktrochem., 13, 1907, 144. 

4. 8. v. Olshausen, Z. Krist., 61, 1925, 475-478, 


1.0 
@ 2370 


tT. 
0.7288 


Al-Nd . Aluminum-Neodymiuns 


The compound Na. M ($4.25 wt. % Na) has the structure of the CsCl (BS) ore 
@= 374A [iL a 


1. C. W. Stillwell and F. E. Jukkola, J. Am. Chem, Soc., 56, 1934, 56-87. 


T.an 


_* qaa7s ALNi Aluminum-Nickel 


Since the first Investhzatlun of the phase diagram [1], which established hes pie 
eipul features, phase relationships have undergone consilerable changes In parte, 
eapevlaily above 50 at. % Ni. The diagram presented in Fig. 6S is largely based we 
the work by [2j [0-18 wt. (0.2 at.) %% Nil, [3] (X-ray analysis of the whole sy 
uring slowly cooled powders), [4] (thermal and micrographie analysis of 
3-03 wt. % Ni), 5} (thermal and inicrographic analysis of aNloys with 
73 wt. S Ni), [6] (formation of the Ni,Al phase), aod [7] (Phaze boundaries fa 


: - pange 70-90 at. % Ni). 


_ Alluys with 0-30 At. % Nt 

There is good agrevmeut as to the liquidus eurve 
at G wt. (2.85 at.) © Ni, 630°C [1]; 5.3 wt. (2.5 at.) % Ni, 639°C fol: 
Ni, 640°C [2]; und 6.3-6.4 wt, (3.0-3.06 at.) % Ni, 610°C [10}. The solid 
of Nifn Al was found to be about 0.05 wt. (0.023 at.) % at 610°C, 0.023 wt. (0.013 at.) 
€ at 600°C, and 0.096 wt. (0.003 at.) { Ni at 500°C (2) Ia grod agreement, i 
fournt 0.01-0.02 wt, (0.0015-0.000 at.) % Ni at 560°C, . = 

NiAl, (42.08 wt. 6% Nip (12, 2, 3, 13, 4] is of singular composition [8, 1 «Ite 
ternperature of peritectic formation was determined as $12°C [1] and 834°C [0], wth 
= api melt contalving about 28 wt. (15.1 at.) S [1] or 28.4 wt. (16:8 at) + | 
Nif4 . 
The intermediate phare formed peritcetieally at 1132-1133°C 1, 4] was fest 
augersterd to be NiAL, (1) but later identified as based on the bleal composition NhAL 
(59.19 wt. & Nip [3, 13, 4). Its range of homogeneity [55.3-69 wt, (36.3-1°.6 at.) 
&% Ni] was determined iieregeaphicatly at temperatures berween 1120 aud cyo'C 
14); see alee {3} The 3° phase, based on the compo-ition NiM (8.31 wt. % NY, hase 
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wEignt PER COMT MICEEL 
w % e 


AL-NL (Bee also Fig. 68.) 


. 
? 


oe — , 
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* 
m-xtmum inching point of 1638°C HH}. Its boundary on the Al-rich ride was deter 
mined cab rngraphieally for temperatures between 1420 and 600°C [1); ace lve LAL 
' Alloys with 50-100 At, % Ni The constitution in this range of compo-itlen, 
which proved to be much more complicated than vas aesumed carlicr [11, wae the 
* subject of numereus investigations {14, 15, 3, 4, 16, 5, 17,4, 7] The exletence of the 
phase based on the idlead composition Ni: Ml (86.71 wt. % Ni), first detected hy {44 
was confirmed by all later investigators, with the exception of [16]. There ir great 
diserep.ney, however, ax to the equit-ria Involving its formation, its range of heme 
gencity, as well As to the V/0 +a’) ard afle + @') bounaries. 


WEIGHT PER COME wICEEL 


i : | Al-Ni 120 
| 


. 


Temecearpac, 


$ Ld 6s 70 % bid a 
ATOMIC PER CERT MICEES 


Fig. 69. AL-Ni, (See alse Fig. 66)" 


The diugrains given by [14] and [16] are highly haprubable and incerapattube 2 

with all later filings, [14] fomuel phaves of compositions NisAl and NUM; and faq 
! concluded that the NiAL phave wna, ia fact, Ni, At and that the NtAl phase dbl net - 

exist. : . 

{3t angue-ted that the NiAI fea’) phase bx contluuens with the o phare at fem pore= 
tures nove 1109°C, Le, that the a + a” field takes the fos of a closed bop. This 
wns nut confiined, however, by [3-7, 17. Whereas the diagram hy [4] shows the 
two three-phase equilibria liq. + 1° ete! at HSC and liq. eta +a’ at IASC, 
[St conchaled that the reactions occurring at the zolidax were liq. $s a’ at 132°C 
and liq. te’ +f at EC, This divrepaney oppeara to have been clund up 
{6} In favor of the results hy (4 : : 


E1006 


: 121 Al-Ni 
The pliase houndaries in thts region are presented In Figs. 6S and G. Inthe — 


- ante diagram (Vig. 6S) the three-phase equilibria ly [4] and the phase boundaries — 


hy {, 2) have leon adopted, with the exerption of the eNa + 2’) boundary, which 
represents & reompromize. The pharo houndarios sugeested by [17] were not cone 


sidered, as they were obtained by extrapofation from an attempt te smooth out the | 


— hetnedisics within the ternary system Al-FeeNi. ° 


Temperatures of the magnetic tennsformation of the « phase were determiued lg | 

AB, 18, 19, Sf: Morne bye [5] were adopted In Fiz. 68 gp at 
Crystal Strnetures, NiAl: hasan orthorhombic structure and fs the prototype 

of the De, type, « = 6.611 A, b= 7.366 A, ¢ = 4.812 A [13, 3; sce also (20, 21) - 

NEAL ie hevagenal, of the Dos type, @ = 4.036 A, ¢ = 4.900 A, cfa = 1.214, at the 

Hoichion.chie composition; for change of parameters with composition sce 113, 3. 

NiAL (u') ix bee. of she CaCi (152) type, a = 25ST A at 49.8 at. Se Ni [3]; for change 

of paraincter with composition sce [3, 22]. See also eatlier work by (23, 15. 24) and 


‘further studies hy (25-27). The a’ phuse (Ni,Al) fs fe.c. of the CusAu (L1;) type es 


115, 3, 4, 2i}.@ © 3.589 A at 70 at. % Ni {3}. S.attice parameters of the a phase have 
been reported ty (15, 3b ie 
Supplement. [28] incasured the electrical resistivity and thermal dilatation of Coe 
atluys containing up te 35 wt. Se Al. The isotherms of these properties exhildt gs 

stsrp mizdnas at the eompoaltions NiAl and NiAl. From the dilat=tium data, [28 
sugncat that NI.AL undergucs a solid-state transformation at bout COU", 


4. A. G. C. Guyer, 2. anorg. Chem., 87, 1008, 183-140, ae / (e 


> g WLLL. Tink sat L.A. Willey, Trane, AIME, 111, 1034, 293-208. 


%. A.J. Brey and A. Taylor, Prec, Rey. Soe. (Lenton), A139 1937, 56-72. 
4. W. O, Mosatuier and N, B. Vaughan, J. Inst, Metale, 61, 1937, 217-208. 
8. 3. Seharviaa, 4. Metalltunde, 33, 1941, 347-386. i ie 
6. BR. W. Floyd, J. Dnat. Metals, 66, 1051-1952, 858 -553. ; 

9. A. Toytor and R, W. Floyd, J. Inst. Metal, 81, 1052-1958, 25-32, 

8. H.W... Pulllips, J. Just. Metals, 68, 1042, 28-20. 

@. K. F. Ringlam aod J. L, Haughton, J. Inet. Metats, 29, 1923, 88. 
10. A. G. C. Gwyer, J. Inet, Metols, 61, 1937, 260-201. = 
1}. P. Huteen and W, Koch, 2. Metalll-unde, 23, 1933, 184. ©  - , 

12. O. Bunck, Ber. deut. chew. Gea., 34, 1901, 2734. : 

18. A. J. Bradley aud A. Taylor PA it. Mag., 23, 1937, 1 21007. 

$4. 1. litahe, Teteuto-Magane, 10, 1924, 1-33. ; 
de, A. Westgien and A, Almin, 2. physit. Chem., BS, 1026, 14-28. 
16. N. Nishinura and 8 Watanabe, Suiyokuai Shi, 9, 1937, 153 -148: Sepan Nicket 

Ker, By 127, 452; Vent, Cull. Eng. Kyoto Ing. Unie, 10, 1088, 131 128," 


4%, ALD. Bsadley, J. Tron Stecl Tast., 163, 1949, 19-56. « 


IR. C. Manders, Ann. phys, 5, 1936, 193-108, 

by. V. Marian, Ann. phye., 7, 1937, 489. 
#0, G. V. Maynor and M. 8, Waldron, Phil. Mag., 40, 1919, 198-208. 
21. 1. Negard; sce Structure Repts., Wy 1917-1918, 27. 

on 1. N. Gusewa, » oblady Akad, Nauk §.8.5.K., 37, 1051, 428-418. 
OAK. Becker awe 2. Dhert, %. Physik, 16. 1923, 163-368. : 


9h, WeEkman, 2. phueik. Chan. 112, 101, 57-58, 


Od. 3. Deatclev and Vi M. Iretaky thar. Toth, Piz., 10, 1040, 316 322. 
an. X.V. Agoev and L. XN, Ges ova, Leveet, Akad. Nauk $.8.8.1:., Oidel. Khim, Nauk, | 

191%, 10, %, 225-2 2 : 
97. 1. N. Guseva, Dublac, Abed. Neuk S.8.8.R., 77, 1951, 615-616. ‘. : 
28, J. 1. Korniloy and 1, 8. Mints, Doblaty Abad, Nauk 8.8.8.R., 68, 1953, 829-433. 
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Powders and Products 29 
II. Surface Coatings Produced From Metal Powders 


The foregoing, the traditional and somewhat narrow field of 
powder metallurgy, concerned with molding and sintering of powders 
to produce finiied parts, is not the only place in which metal 
powders are of service. There are also many other uses which are of 
“reat importance and interest. 

(A) Calorizing, Sherardizing and Other Metallic Cementation 
Processes — Metal powders with or without a fiux, when heated 
with clean iron or steel parts in sealed vessels, form an alloy bend 
integral with the surface of the work. With, aluminum as the alloy- 
ing metal, the finished piece is said to be calorized; with zine, 
sherardized. These are the most important commercial operations. 
but other metals — notably silicon and chromium — can be similarly 
surface-alloyed with the work to confer on the baser metals the special 
properties of the cemented metal. Objects are cemented for a variety 
of reasons of which resistance to corrosion and heat oxidation are the 
most importart. 

(B) Metal Spray Gun-—-The Schoop gun has been used for 
spraying molten metal on various surfaces for a number of years. 
The sprayed metal should be in wire form. A more recently developed 
metal spray gun, the Schori, employs metal powders as a feed, and 
it is said that any metal available in powder form can be so sprayed. 
(Some metals are cheaper in powder form than in wire.) Zine 
powder . the most used for such work, and also copper, aluminum, 
und lead powders are used in commercial quantities. Powders of 
many materials other than metal, such as plastics, glass, silicon, 
hitumen, and rubber, and, if desired, various mixtures of these with 
metal powders, can also be sprayed. Further developments in this 
tield ean be expected. 

(C) Paints — While metallic pigment paints might be consid- 
ered under this heading, they are of such great importance that they 
Lave been assigned a group classification of their own and will be 
treated below. 


Ill. Soldering and Brazing 


(A) Copper Brazing — Copper powder is used to a very con- 
siderable extent for brazing stee! parts. While copper wire and sheet 
xre often used for this work, powder may be conveniently applied at 
und around the joint in the form of a paint or paste after being 
mixed “th some liquid, such as petroleum spirits, alcohol, a lacquer, 
or wi The parts, thus coated with copper, are passed through 
a furnac, _. which a reducing atmosphere is maintained at a tempera- 
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PATENT SURVEY 5422-5435 


(5422) U.S. 2,482,423 (1949). V. T. Malcolin (The Chapman Valve Mfg. Co.), 
Copper Base Alioy. Powdered retallic Ti is placed in the bottom of a crucible 
pa covered with @ mixture of KNO3, borax an eund charcoal, Then the 
crucible is charged with Cu-base metal, covered with a mixture of charcoal ard 
borax, foliowed % melting in an oxidizing flame and de-oxidizing with a small 
amount of P. The Ti is approximately 0.10 to 1.25% of the alloy. 
(5423) _U. S. 2,486,433 (1949). T.S. Perrin and T. S. — (Diamond Alkali 
Co.), Production of Flux for Magnesium and Magnesium Alloys. The flux is 
epared by collecting waste from Mg electrolytic cells comprising i having 
Bo to 30% isle, 30% NaCl, 18 to 23% MgO, 6 to 15% Mg, 12 to 17% CaCl, and 
smaller amounts of CaF 9, Fe and graphite. 


v. Metal Surface Costing, Spraying, Metallizing, Cladding and 
Molding Compositions ~ 


pean U. S. 148,795 (1874). E. Wood (J. H. Legge), Coating Iron and Steel to 
revent Oxidation. A coating for rolled Fe or steel is composed of pulverized 

metals, e.g., Pb, Zn, brass, bu, Mn, Sn and Sb, borax, flake white and lime, and 
is fused and repowdered. 


(5425) U. S. 242,649 (1881). W.H. Howes (Hale & Mulford, Inc.), Method of 

Ornamenting the Surface of Jeweiry. To ornament metal buttons, solder filings 

= —_— over @ layer of Au or Ag filings and the solder melted to fasten the 
uo Ag. 


(5326) U.S. 360,283 (1837). W.C. Edge, Ornamenting Jewelry. Cu wire is 
arranged on Au backings in a pattern, then Au or Ag filings are fused together 
around the Cu wire, which is dissolved. 

(5427) U. S. 437,468 (1890). D. Wheeler (Acme Shear Co.), Finishing Metallic 
Surfaces. Fandles of scissors are finished by coating them with Au size, 
applying the metal as powder and baking it. 


(5428) U.S. 470,492 (1892). j. capone Coating for Iron. A coating fa Fe 
comprises tobacco juice mixed with metal powders. 


5429) U.S. 546,446 (189%). C. Gross (Plymouth Cycle Mfg. Co.), Coating of 
icycle Frames. Bright steel tube bicycle ouxs are coated with size, baked to 
ge the size tackiness, dusted with rx | bronze powder, baked, varnished and 
aked again. 
(5430) U. S. 629,426 (1899). G. D. Coleman, Coating for Metal Parts. A 
coating for metal ship bottoms consists of a layer of paint with a comminuted 
soft metal, second coating of pa‘nt, and a layer of comminuted Cu. 
(5431) U. S. 639,537 (1899). W.C. Dickey, Coating of Iron or Steel. Sheet Fe 
and steel] are protected by coating with a mixture of powdered Al and PbO, then 
hammering or rolling. 
(5432) U.S. 682,173; 682,174 (1901). G. D. Coleman, Protective Coating. A 
protective coating for chemical holding tanks is applied by first coating with 
ey then with comminuted meta! or alloy, applying finely divided solder, and 
ating. 
5433) U. S. 682,914 (1901). G.D. Coleman, Antifouling Coating. A coating 
or metal ship bottoms consists of a layer of paint, a layer of finely divided 
vegetable insulation with powdered Cu hamuered into coatings. 
(5434) U. S. 717,080 (1901). G. D. Coleman, Coating for Metals. A corrosion- 
and high temperature-resistant ceating for metal consists of an outer layer of 
powdered metal and an intermediate layer of comminuted soft metal. 
(5435) U. S. 741,769 (1903). C.D. Coleman (Coleman Ship Coppering Co.), 
Antifouling Coating. A coating for metal ship bottoms consists a layer of 
paint, a layer of ground, oiled, und Pb-coated wood and a layer of Cu powder. 
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5436-35456 POWDER METALLURGY 


(5238) U. S. 829,385 (19%). S.Cowpe:-Coler, LB. parition of Metal pun Meta 
ic Articles. Metal is coated with Sb in powdered fo-m and heated. 
(5437) U.S. 886,349 (1908). W. H. Connell, Manufacture of Railway Rails. A 
railway rai} is given a track coating of pulverized Ni or Mn which is mechanically 
worked into the surface. 
(5438) U.S. 896,751 (1908). E. Norton, Composite Coated Steel Sheets. Stecl 
sheets arc coated along the seams with varnish aad Al bronze powder. 
(5439) U.S. 954,444 (1908). J. W. Paton, Coating Iron or Steel. Finely divided 
metal is mixed with equal o greater quantity of powdered SiOz or C which is 
packed around the articl-, and the whole is heatrd. 
(5440) U. S. $31,503 (1909). W. G. Scott (Chicago Varnish Co.), Dipping Process 
for Coating Articles. Articles are coated by dip.ing them into a bronze liquid 

ath containing bronze powder and blowing air through the bath for uniform coating. 
(5441) U.S, 1,029,522 (1912). B.D. Avis, Coatin Aluminum. For coating Al 
with Sn a composition of SnCl2, ZnCl and powdered Sa is used. 
(3462) German 256,925 (1913). M. U. Schoop, Method of Producing Metal 
Coatings. Metal powder is centrifuged against the surface of the body. 
(5443) German 280,752 (1914). W. A. Guertler, Surfacing of Babbitt Metal. 
Babbitt metal isccated with Fe by spraying finely divided Fe on the matrix of Pb. 
5444) U.S. 1,128,059 (1915). M. U. Schoop (Metals Coating Corp. of America), 

etallic Coatings. Cohcrent metallic coatings are produced by projecting finely 
divided non-molten metal onto the metal surface by a :2ducing gas. 
(5445) U.S. 1,161,944 (1915). J. H. Maddy and B. H. Schubert (The Lohmann 
Co.), Protective Metal Coating. Powdered Pb is mixed with an Hg salt and fused 
on frames. 

544G) U.S. 1,236,383 (1917). F. A. Fahrenwald (as represented by The United 

tates of Airerica), Coating Tungsten. W or Mo is coated with Au by applying 
powdered Au or an Au salt in a cleansing flux and heating. 

5447) U.S. 1,380,847 (1921). F. L. Soerenson (Meta! Protection Labs.), 

reating Ferrous Articles. Fe articles ere provided with a corrosion resisting 
coating consisting of a mixture of caustic alkali, water, a metal powder and a 
metal-oxygen compound. 
(5448) U.S. 1,431,395 (1922). H. G. Grinlinton, Costing of Metcls. For tinning 
of Cu or leass, powdered Sn is mixed with a carrier, and stearic acid is used for 
a flux. The mixture is applied to the swface and heated until the Sn melts. 
(5449) Brit. 225,072 (1924). H. Connelly, Coating Composition for Petals. The 
‘coating comprises an intimate mixture of powdered Sn, CaSO, and dextrin. 
(5450) U.S. 1,555,495 (1925). C.W. Pfeil, Protective Aluminum Coating. A 
protective Al coating for Fe is made from powdered Al which is protected from 
oxide coating by edding oil. 

5451) U.S. 1,565,496 (1925). C. W. Pleil, Making Corrosion-Resisting Metals. 

coated Fe metal is heated until the Sn melts; Al powder is applied until its 

saturation in Sn is reached. 
(5452) German $37,502 (1926). V. Planer, Coating of Wires. The wire is passed 
through an emulsion of Sn dust in oil, and is heated efter it emerges. 

5453) Brit. 261,017 (1927). E. D. Feldman, Process of Coating Articles with 

etal. Asticky coating of bituminous substance is first applied and then atomized 
metal is applied with a Schoop gun. 
ag German $69,358 (1928). R. Auerbach and W. Steinharst, Metal for Coatings 

Spraying. The metal powders are mixed with a binder and farmed into wire. 

(5455) U. S. 1,662,865 (1928). J. W. Powell, Coating of Metal Articles. A 
decorative coating for metal articles comprises a mixture of lacquer and Au-broaze. i 
(5456) U.S. 1,705,057 (1929). E. Brandus, Telephone Cable Armor. Telephone 
cable exmor comprises a molded mixture of Fe powder end a finely divided Pb alloy. 
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(5457) U.S. 1,711,603 (1929). E. Lay, Coating of Metal. Al alloy powders of 
cat uniformity for coating metals are obtained by adding Al to a powdered clay 
ase in small amouats, igniting it in an inert atmosphere and repeaticg until the 
desired percentage of Al is obtained in the powder. 


5458) U.S. 1,729,065 (1929). W.H. Cole, Material for Protecting Iron and 
Sieel. Fe or steel articles are coated by revolving them in a cylinder containing 
emery, Cu-Zn precipitate and Al powder. ’ 


(5459) U.S. 1,735,000 (1929). J. G. Dely (Chemical Research & Designing Co.), 
Copper Coating. To iacilitate welding together of Cu particles used to coat steel 
or fe plates, Cu particles are mixed with NaF. 


(5460) Brit. 331,550 (1930). W. Baur, Coating Aetal Bodies. Metal surfaces 
are coated with a varnish-like material containing meta! powder. 


(3461) U.S. 1,738,473 (1930). M. U. Schoop, Coatin Articles with Metal. 
Metal coatings are produced by applying a reducing melting flame to a mixture of 
metal powders and a combustible liquid in a closed chamber. , 


5462) U. S. 1,766,417 (1930). W. E. Wertkins (Copper Plate Sheet & Tube Co.), 
orming a Film of a Plating Metal. A film af a plating suspension in finely 
divided condition is for on the metal t» be plated by heating. 


= U. S. 1,804,991 (1931). G. A. Johnson (American Steel Pipe Co. Inc.), 
rocess for Cocting Metal Surfaces. Metal surfaces are coated by dipping into 

a bath containing metal powders and a liquid vehicle, including linseed oil, gum, 
and metal salts. 


5464) U. S. 1,810,409 (1931). W. E. Watkins (Copper Plate Sheet & Tube Co.), 

fethod of Plating Metals. A plating alloy of two metals is — on an Fe base 

Hd first plating with Zn, then applying Cu particles in a spreading medium, and 
ating. 

(5465) Brit. 383,496 (1932). Telefunken Gesellschaft fir Drahtlose Telegraphie 

m.b.H., Coating Thermionic Valve Electrodes. Powders of W, Mo, or Ta are used 

for the coating. 


(5466) Brit. $02,203 (1933). British Refractories Research Assoc., Producing a 
Coating of Oxide. A powdered element, e.g. Al, Si, Ca, Sig, which forms on oxi- 
dation refractery oxides, is introduced into the air or the 6; blast of an oxidizing 
flame which is directed upon the surface to be coated, to form a refractory coating 
on a netal base. 


5467) U. S. 1,893,830 (1933). R. P. Turner (New York Wire Cloth Co.), Wire 
abric. Wire fabric is produced by coating it with Al powder in a suitable vehicle, 
such as spar varnish. 


(5468) U.S. 1,992,059 (1933). J. H. Critchett (Electro Metallurgical Co.), Pro- 
duction of Alloy Surface Castings. Fe-Cr surfaced castings are produced by 
lining molds with Fe-Cr powder. 


(5469) U. S. 1,902,478 (1933). E. Wiegand (General Electric Co.), Cathode. A 
thermionic tube cathode is made by painting Ni in a volatizable vehicle onto 
porcelain tubing and then sintering the coating. 


(5470) U.S. 1,939,667 (1933). H. Ceanyi, Metallic Coating. A coating for use 
ona metallic base, e.g. Fe, is composed of a mixture of powdered Zn, Pb, Sn and 
a chiaide dispersed in an aqueous solution; it is applied to the base by brushing 


or spraying and heated to fuse the coating. A typical composition is 45% Pb, 5% 
Sn, 89% Ze, aod 10% ZnClo. sf) ed _ . 


ger) U. S. 1,953,508 (1934). O. Schober (American Lurgi Corp.), Coloring and 
rotective Coating. A coating and protective composition consists of a paint 
vehicle and a pigment of an Al-Si alloy; Si is present to increase corrosion resia- 
tance and heat transmission. 


(5472) U.S. 1,880,670 (1934). H. A. Eckman ond H.W. Maack (Crane Co.), 
Segond Nitriding Process. The inhibitor or the protective coating is made of 
30-40% Nig phosphate in solution, 3-10% boric acid solution, 35-90% Sn powder, 
5-60% ground SiOz, 1-25% kaolin. 

(5473) U.S. 1,998,506 (1935). W.S. Jones, Peoins for Precious Metal in Leaf 
and Powdered Form. The mounting consists of Al foil with a coating of metal 


powder and adhesive. - 755 - 
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5474-5491 POWDER METALLURGY 


a Freach 801,004 (1936). Drake, MeGee and Hallstedt, Inc., Coating Metcl 
urfeces. A metal base surface, ¢.8- Fe, is couted with another metal, €-€-. “4, 
by applying to the buse a mixture finely divided Al and a volvtile solvent, and 
heating to a temperature between the melting peints of the two metals so that part 
of the Al diffuses into the Fe to form an intermediate layer. 
5475) U. S. 2,048,309 (1936). C. E. Williams, D. E, Krause and C. H. _, 
{The Battelle Memorial Institute), Mold. A mold for preparing enameled c: ~t Fe 
or stoves is coated with Cu powder to produce a blister-free surface for the 
enamel. 
gare Erit. 474,245 (1937). Remy, Van Der Zypen & Co., Device for Metallizing 
von Bands or Wires. Cf. German 686,752 (No. 5484). 
(5477) U. S. 2,072,229 (1937). L. Waitman, Tinning Method. Metal is tinned by 
dipping a wet —— into @ dry mixture of ShClo and a tartrate, and then in pul- 
verized Zn, and rubbing the sponge on the metal surface. 
3478) U. S. 2,078,808 (1937). J. V- Reardon and P. L. Goodale (Reardon Co.), 
fetallizing Composition. A dry powdered Lase for a metallic coating compesition 
which produces @ coating upon solution can be applied to steel end other struc- 
tures. 
5479) U. S. 2,091,714 (1937). J. C. Matthews (Eastman Kodak Co.), Metal 
inish, A protective coating for metallic ot pid comprises de polymerized 
chlorinated rubber containing & {iller of metal powders. 
peor U. S. 2,111,395 (1938). 0. J. Hartwick (Pittsburgh Plete Glass Ce), 
oating of Steel Barrels. A resin film for coating s.ce! barrels contains metal 
powders as the stabilizing pigment. 
(5481) U. S. 2,123,537 (1938). P. G. Marr, Spraying Powders Such as Zine or 
Aluminum on Steelwork, An apparatus for spraying powders contains between 
the main and base chambers, 4 constricted junction of the form of a Venturi tube. 
= U. S. 2,151,312 (1939). C. Ariotti (Atlas Powder Co.), Hammered Metal 
inish. A hammered metal finish is produced on metal surfaces by applying, by 
a splatiering operation, a coating composition comprising metal powder, @ 
resinous base and a solvent. 
_ U. S. 2,161,104 (1939). G. S. Smith, Afetallic Coating Suitable for Use on 
ron. A surface is coated by a mixture of Zn dust, A803, TiO, and CrCl. 
gee German 686,752 (1940). Remy, Van Der Zypen & Co., Device for Metal- 
izing Iron Bonds. Fe bands are metallized by applying Al wder on a@ travelling 
lacquered Fe band which goes through a closea space; the device is equipped 
with brush rolls, and tubes through hich air and metal dust are sucked out. 
(5485) U. S, 2,254,013 (1941). R. Larson, Hairpin. A coating for hairpins coor 
prises metal powder suspended in lacquer. 
$486) U. S. 2,262,072 (1941). T. H. Vaughn (Union Carbide and Cerbon Research 
borataries), Metallizing Operation. Molien metal is sprayed onto an article to 
be coated, ¢.g- coating steel with bronze. 
5487) Canadian 436,644 (1942). Metatlizing Engineering Co., Process of 
urfacing by Spraying Metal Powder. The surface to be sprayed is roughened 
with Ni deposited from a wire electrode. 
ae German 715,586 (1942). ©. Kamps and H. Dettmann, Process for Cladding 
lagnesium. hig or Mg — are dusted with Zn powder before cladding with Al 
to prevent formation of an Mg-Al alloy. 
ons) Swiss 219,342 (1942). M. U. Schoop, Metal Coating. The metal is heated 
in Ne to produce a nitrided surface before it is sprayed with the metal powder 
for coating. 
(5490) Swiss 223,550 (1942). Metallisetor Berlin A. G., Spraying Gun. Wire of 
a metal used for coating is pressed against the circumference of the friction gear 
with fixed axis and moves against the nozzle eccentrically to the axis of the 
nozzle system. 
(5491) Swiss 224,135 (1942). M. U. Schoop, Production of 3etal Coatings. The 
coating procedure consists 0 me hing metal wires of W, Mo, Ta in the electric arc, 


and atomizing the melt by pressurized gas. 
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(5492) Swiss 226,459 (1942). M. U. Schoo; Metallic Coatings. The coatings 
ure produced by spraying molten metal on the base metal with a compressed gas. 


5493) U.S. 2,279,268 (1942). L. V. Adams (General Electric Co.), Coating for 
etals. A coating for metals comprises a mixture of Al powder and a Zn soap 
dispersed in a solvent. 


(5494) U. S. 2,289,614 (1942). A, Wesley and H. Copson (International Nickel 
Co.), Nickel Cocted Ferrous Articles. A Ni coating fo Fe comprises Ni powder 
suspended in nitrocellulose lacquer a collalion. 


(5493) French 882,372 (1943). Licentia, Patent-Verwaltungs C.m.b.fl., Coating 
of Electrodes. The electrodes are coated with a paste of Zr or Ti, and then 
sprayed with a porous layer of the same metal, 


(5196) Swiss 226,693 (1943). F. Gfeller and L. Baiker, Spraying of Thermo- 
plastic Materials. ‘ietal wire is agitated by the explosion of a combust ible 
mixture, so that the separated particles are melted and thrown against the base. 


5497) Swiss 229,363 (1943). F.Cfeller and iL. Baiker, Apparatus for Metal 
praying. Wire of a metal used for coating is preheated and fused, and is sprayed 
by several thousands of explosions per minute by a spray pistol equipped with an 
explosion chamber. 


(3498) U.S. 2,305,704 (1943). C. J. MacNeil, Instrumen: Ilumination. The 
pointer and dial of indicating instruments is coated with crushed Ag to make them 
visible against a blacked-out background. 


(5499) U.S. 2,316,031 (1943). G. E. Armentrout (E. I. Du Pont De Nemours & 
Co.), Process for Simulating Hammered Metals. A simulated hammered metal 
finish effect, ¢.g. on metal surfaces, is produced by using a composition contain- 
ing 1-5% flake metal powders, e.g., Al bronze, and spattered with a solvent for the 
film-forming agent to produce a hammered effect. 


(5500) U. S. 2,322,702 (1943). F. F. Peterson, Shielded Cable. A coating film 
of powdered Al is used on a high voltage shielded electric cable. 


$501) U. S. 2,326,001 (1943). G. Ariotti and E. H. Bucy (Atlas Powder Co.), 
imulated Hammered Material. A simulated hammered metal finish on smooth metal 
or wood is produced by a coating containing powdered Al bronze and a lacquer; 
the partially dried coating is spatu.ed with a volatile solvent for the base and of 
= inite viscosity, to dissolve some of the lacquer and thus cause a hammered 
ellect. 


5502) U. S. 2,326,623 (1943). E. W. Crosby (E. 1. Du Pont De Nemours & Co.), 
imulated Hammered Metal Effect.. A simulated hammered metal effect is protuced 

by Spraying on a surface, particularly of metal, a composition including a flake- 

metal pigment, ¢.g. Al. 

(5503) U. S. 2,326,819; 2,326,815 (1943). D.C. Wobbe (American Can Co.), Plate 


Cans. Al puint is used as a conting for black plate cans. 


(5504) U. S. 2,330,202 (1943). J. B. Brennan, Electrode for Condensers. A con- 
ductive and porous layer of Al is produced on electrodes by spraying finely divided 
molten Al metal on a metallic base and simultaneously directing a current of fluid 
against the base, to maintain the surface of the base at a temperature lower than 
the melting point of the sprayed metal, 


(5505) U. S. 2,335,316 (1943). A. P. Shephard (Metallizing Engineering Corp.), 
Apparatus for Conditioning Metal Surfaces. An apparatus for conditioning metal 
surfaces by the applic ition of metal coatings by spraying is described. 
(5505) U.S. 2,338,713 (1944). S. Ewing, Half Cell Electrode. An electrode has 
a plating of sponge Cu on a metallic base. 
(5507) U. S. 2,342,738 (1944). G. W. Jernstedt (Westinghouse Electric & Mig. 
Co.), Couting for Metuls. A corrosion+esistant coating compound for metal sur- 
faces com:eises a solution of Fe phosphate, free phosphoric acid, an oxidizing 
agent and powdered Zn of Cu. 
(9508) U.S. 2,393,031 (1945). A. J. Spelker, Stencil. A metal stencil is used 
foe impacting a design to the non-plinw surface of u contoured arti. le which has a 
conductive couting of powdered Fe. 
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5509) U.S. 2,343,630 (1944). H. Atwood (Allen B. Du Mont Laboratories Inc.), 
hield for Cathode Ray Tubes. The shield consists of particles of electrically 
conductive material of high magnetic permeability, such as pure Fe, applied in 
an adhesive binder to the tube. 


(5510) U. S. 2,338,912 (1944). E. H. Land (Polaroid Corp.), Producing Designs. 
Designs are produced in light-polurizing arcas having a metallic backing plate 
with a reflecting surface of Al flakes. 


(5511) U. S. 2,351,940 (1944). J. Dupuis, Electroplating of Articles. Metallic 
articles with a lacquer film containing lithopone an Cu powder are electroplated. 


G52) U. S. 2,356,583 (1944). L. N. Hampton (Bell Telephone Laboratories), 
Veut Tronsferring Element. A heat transferring element for electrically heated 
soldering tool has a tapering portion of Cu, coated with powdered Fe and Al, 


5513) U. S. 2,358,171 (1944). L. B. Lindemuth (Steel Ingot Production, Inc.), 
ingot Mold. A cast Fe mold has a crevice between the tapered circular portions 
of the mold and the ‘‘stool”’ (cast Fe base) filled with metal powders, e.g. Fe-Si, 
Aid | Fe-Mn, to prevent the moltcn metal seeping out between the mold and 
‘stool."* 


G34) U. S. 2,359,436 (1944). J. J. Mascuch (Breeze Cap. Inc.), Metallic 
hield. Spark plug conductors are electroplated with metal powders. 


5515) U.S. 2,361,897 (1944). 1. E. de Graaf (Hertford National Bank & Trust 

.), Coated Bearings for Vacuum Vessel. Ball or roller bearings far high 
vacuun vessels have a coating formed of Pb powder, which prevents cutting, 
friction and the like. 


(5516) Brit. 569,784 (1945). M. Cook, G. Parker and Imperial Chemical Indus- 
tries, Ltd., Clad Metals. Alloys of Cu and Ag are cladded onto a base metal by 
sandwiching athin foil of P-Cu between the cladding alloy and base metal, heating 
to 645-780" C. (1190-1430° F.) and pressing to consolidate. Alternately, the P-Cu 
may be formed into wire and sprayed on with a spraying pistol. 


$517) Brit, 572,105 (1945). W.S. Murray, Weer Resisting Surfaces for Bearings. 
b is alloyed with In and used as a film of 0.001-0.03 ia.t ickness; it is sprayed 
directly on a steel o Fe backing. 


5518) U. S. 2,366,850 (1945). M. G. Gardner (Pittsburgh Plate Glass Co.), 
ining for Food Containers. A composition for use as liner for metallic food 
contajncrs contains flake Al powder. 


(5519) U. S. 2,372,124 (1945). E. S. Schenkel, Sign Construction. An illumi- 
nated metal sign utilizes Al powder in a light diffusing coating to reflect the light. 


(5526) U. S. 2,378,588 (1945). J. W. Sxehan and G. 1. Agule (Machlett Labora- 
teries Inc.), Method of Making Bearings. Bail bearings utilize Ag particles as a 
coating on the working surfaces. 


(5521) U. S. 2,360,037 (1945). F. W. Hyman, Apparctus for Applying Coatings. 
An apparatus for aprlying coatings of netal powders to rough surface materials 
of metals is described. 


(5522) U.S. 2,389,702 (1945). V. G. Ullmer (Haynes Stellite Co.), Apparatus 
for Treating Metal Articles. An apparatus for coating metal articles with metal 
powders comprises a blow pipe, having a nozzle with a passage fa powdered 
metals, and a passage for an oxy-fuel gas mixture. 


(5523) U. S. 2,390,183 (1945). R. A. L. Seliaman, Sheet Metal Die. Steel sheets 

Containing the working face of the die are welded together, and tne back side is 

buih up with @ mixture of metallic particles, containing one metal whose melting 

point is not higher than the temperature at whic the hardening of the steel face 

plates can be accomplished; the processing is completed by heating and com- 

pressing together the [ace plates and the metallic mixture. 

o28} Brit. 577,979 (1946). Imperial Chemical Industries, Lid. and J. L. Cokman, 
eat Exchange Device. A paste of Ag powder suspended in collodion is used for 

thinly coating thin-walled Cu or Cu-base elements. 

opts) frit. 578,455 (1946). Metallizing Engineering Co., Spray Gun for Cas- 


last Spraying. A gun for spraying powdered netals o plastics on « metal wire is 
described. 
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(5526) U.S. 2,292,879 (1946). T- J. Releliffe (Genera! Electric Corp.), Coatin 
of Electrode. Onn side of an elongated metal — is coated with a suspension 
powdered antiglow metal in a volatizable binder; the coating is baked on electri- 
cally. 


(5527) U.S. 2,394,065 (1946). G.W. Jernstedt and J. C. Lum (Westinghouse 
Electric Corp.), Protective Coating. Powdered Fe is used in @ protective 
coating for noulerrous metals. 


(5528) U.S. 2,408,515 (1916). A. G. Hopkins, Coating Process. An Sn lacquer, 
comprising powdered Sn held in suspension by a vinyl+esin binder, is applied to 
black Fe sufaces. 


(5529) U. 8. 2,409,514 (1946). G. W. Pratt (Ratio Corp. of Anerica), Cathode 
Ray Tube. Powdered metal coatings we used fer the inner wall of a cathode ray 
tube. ' 


(5530) U.S. 2,409,769 (1946). W. E. Leyshon (Sylvania Products Inc.), Fleores- 
cent Glow Lap. Posdered Zr, suspended in nitrocellulose and amy! acetate, is 
used as an inner coating for the electrode in fluorescent glow, lamps. 


(5531) U. S. 2,412,201 (1946). J. B. Brennan, Electric Device. Al particles are 
Sprayed onto a wire screen to make an electrale for condensers or lightaing 
arresters. 


(5532) U. S. 2,412,523 (1946). J. C. Morrell, Cocted Metal Container. Metal 
powders . ¢ used in coating tin cans, 


(5533) Brit. 589,645 (1947). C. F. Lumb, Applying grove | by Spraying. ‘etal 
owders are flame-ssrayed on a metallic sucfece which first has been given o 
tlame-sprayed plastic coating. 


(5534) Brit. 589,897 (1947). A. F. Berry, /lecting Apparatus for Cooking Pur- 
poses. Powdered cast Fe o Ni is syeinkled onto ename)-coated electric otplates 
made of cellular refractory material. 


(5535) Canadian 442,455 (1947). Federal Telephose & Radio Corp. and M.C. Bloom, 
Coating with Selenium. Cf.: U. S. 2,426,173 (No. 4540). 


(5536) U.S. 2,414,510 (1947). E. A. Doyle (Linle Air Products Co.), Apparatus 
for Cledding Composite Metal Bodies. The cladding process involves preheating 
the Fe metal body, cleaning the surface by @ thermochemical desurfacing operation 
to remove a layer of the metal, e.g. by Og and a beatirg flame, applying the 


cladding material in form of a spray of powder, and compressing the composite 
body between rells, “i ' “f : és 


(5537) U.S. 2,414,511 (1947). FH. Hl, Dyar (Linde Air Products Co.), Apparatus 
for Cladding Metal Bodies. The cladding is cpplied by subjecting the surleces to 
be joined toa or oy or thermochemical desurfacing operation with Og, applying 
a metal powder and a flux, and pressing the metals together. 


(5538) U. S. 2,414,923 (1957). C. Batcheller, Metal Cladding by Spraying. Pow- 
dered metal is sprayed on a surface, so plea that oxidation is avoided; high 


pressure is used to compress the spraye particles into a dense, smooth surfaced 
mass. 


539) U.S. 2,421'154 (1947). C. E. Maier (Cortinental Can Co, Inc.), Aluminum 

ouder and Resin Spot Facing Material. A {\>xible closure liner facing material 
for beer containers consists of Al flake powder distributed throughout the resin 
matcrial, whereby the aluminum flakes are enclosed in the resin, to reduce the rate 
of permeation of moisture or gas. 


(5510) U. S. 2,426,173 (1947). M. C. Bloom (Feral Telephone & Radio Corp.), 

Cooting with Selenium. An electrically conductive base element such as C is 

treated with an alkaline selenide solution, such ax an NazSe solution which is 

prepared by prssing HgSe through « solution of NaOil. 

Ges) Brit, 596,687 (1948). The M-O Valve Co. Lad. and R. O. Jenkins, 
hernionic Valve. Valve gids are cvated with a suspension of @ 75:25 Mg-Ba 


alloy powder. 


5542) Brit. 593,653 (1948). Callite Tungsten Corp., Coating of Metals with 
etuls and Alloys. The metal or alloy which is to form the coat ing is chosen 
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5543-5556 PODER METALLURGY 


partly from the metal powder and partly from a powdered compound, e.g. the oxide 
or nitrate; this mixture is suspended in an organic solution of nitrocellulose. 
Wires are passed through the suspension and then through the sintcring furnace. 


ser Mrit. 602,520 (1948). Bristol Acroplane Co. Lid. and F. M. Owner, Gas 
urbine Blades. A turbine blade designed fa air « liquid cooling is given a 
coating of sintered heat-resistant ceramic material. 


(5544) Brit. 693,553 (1948). Schori Metailising Process Lid. and C. F. Lumb, 
Coating Surfaces. The metal can be {lame -sprayed with paraffin wax or shellac 
wax which may contain a filler, such as SiOz o Zn dust. 


(5545) Brit. 604,457 (1948). C. F. Lunb, Production of Hect Resistent Coatings. 

Metallic articles are first {lame fy ee with Al powder, then {lame-sprayed with 

a coating of mixed Ni-Cr-Al, a inally heat treated. 

Gof) Grit. Appl. 13310/48 (1938). Charles Hardy Lid. and W. N. Pratt, fetal 
owder Product. Flame-spraying of metal powders which form highly refractay 

oxide films on passing through the oxidizing zone of the flame, e.g. stainless 

steel, alloys of Cr or Al, is facilitated by coating the particles with a silicone 

resin. 

(5547) Brit. Appl. 13311/48 (1948). Charles Hardy, Ltd. end W. N. Pratt, 

Aluminum Steel-Backed Bearings. Steel stip is heated to 480° C. (896° F.), and a 

motten layer of Al is buik up hy fame opreyies the pny with a neutral or 

reducing flame, using as carrier gas He, mixed wih Ng or CO. 

(5548) French 937,824 (1948). Industrial Metal Protectives, Inc., Protective 

coorine for Metallic Surfaces. Zn powder is suspended in water glass having an 

Na,0: 10 ratio of 1:2.6. 

e542) French $44,627; 944,628; 917,479 (1948). G. Bourdillion, Pistol for 
fetallizing by Means of Powders. The arrangement of the ducts and the powder 

container in a {lame-spraying pistol is dane: ted; the pistol may be used for sand- 
blastiag. 

(5550) U.S, 2,434,855. (1958). J. L. T. Rogertiaky Coating Metal Articles. 
An article containing Cu is rubbed with a mixture of 22 parts of FeClo and SnClo, 
10 parts powdered Zn, 20 parts K bitartrate, 9 perts NH.Cl, 20 parts NiSO,, 55 
parts Ni emmonium sulfate, and 6 parts NaCl. 


9551) U.S. 2,437,612 (1948). H. Oshorg, Plating Magnesium Electrolytically 
with Zinc. The process entails using as cially treated cyanide bath with an 
Mg test cathode to deposit a continuous & herent coating of Za. 


(3552) U.S. 2,438,205 (1948). J. E. Coates (Douglas Aircraft Co. Inc.), Measur- 
ing Instrument. The device is manufactured by depositing a film of conductive 
material upon the body in form of a grid of the desired shape by means of a stencil, 
fercmed with an opening of the shape of the ga. and depositing through the opening 
a metallic coating of Cu or bronze onto the body. 


(5553) U. S. 2,438,967 (1948). H. D. Ellsworth (Indium Corp. of America), /ndium- 
Gold Surfaced Article. The coating comprises a surface film with 10% In in the 
alloy, an underlayer of Au containing 8% In and an interm:diete layer in which the 
propartion of In increases towards the surface. 


Goo) U, S. 2,440,960 (1948). V. C. Nightingall, Protects. foating for Ferrous 
letcl Surfaces. A hard protective coating on Fe metal surfeces i: produced by 
applying @ composition of Zn and Pb powders, which are incorporaicd in an 
aqueous solution of alkali silicate and NaHCO, and crying the applied coating. 
5555) U. S. 2,442,485 (1948). F.C. Cook, Method of Cocting Hot Rolled Ferrous 
roducts. The products are coated by passing the hot bodies from the deoxidizing 
gas chamber into the coat ing chamber filied with vapor of the coating metal, while 
controlling the temperature of the bodics in the coating chamber, to condense the 
coating metal on the spongy surface of the bodies, causing it first to alloy and 


then forming the coating. 
(3556) U. S. 2,444,422 (1948). V.H. Bradford (Specialities Development Hark 
ide 


Aluminum Coating for Steel. The Fe base is subjected to nascent N; the nitr 
base is then costed »..b Al by spraying end then passed into a furnace. 
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(5557) U.S. 2,944,914 (1943). J.B. Brennan (Everett D. McCurdy), Electrolytic 
Device. The device comprises a thin sheet of metal having pierced openings for 
the flow of the ions; the openings zre surrounded by sainute projections com osed 
of the displaced material, and hoth sides of the sheet are sprayed with meta 
particles. 


(5558) U.S. 2,446,387 (1943). T. F. Peterson, Shielded Cable, A cable which 
has 2 surface conductivity of 10,000 ohms per inch is coated with a lacquer of a 
flexible oil-extended phenol-aldehyde resin in a volatile solvent containing dis- 
persed metal powder. 


(3559) U.S. 2,450,850 (1943). W. H. Colbert and A. R. Weinrich, Coating by 
Evaporation of Metals. The coating is applied by evaporating a metal, e.g. Cu, 
(as an alloy with Ca) from a filament of ¥, Mo, Ta; heating causes the metal to 
wet and to spread out over the surface of the filament, and to depcsit a coating on 
a polished stpport material. 


(5560) U.S. 2,354,910 (1948). W. P. Carr (De Vilbiss Co.), Method Df Hog 
Coctings. Surfacing of a molded article is effected by coating the mold surface 
with an adhesive of non-permanent natize, by partially embedding in it inert par- 
ticles, such as Al flakes, Au bronze or abrasive material, and filliag the mold with 
the molding material; after hardening, the article is withdrawn, and the adhesive is 
removed, leaving the isert particles fixed ia the molded article. 


ide Brit. 609,634 (1949). Schori Metallising Process Ltd. and C. F. Luiab, 
lethod of Costing Metal Surfaces with ‘Metals. Improved results are obtained by 
flame-spraying metal powder mixed with a small amount of a plastic material fer 
— filling; e.g., steel sheet is sprayed with Zn powder mixed with 3% polyethy- 
thene. 
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(5562) Brit. 621,244 (1919). Schori Metallising Process Ltd. and W. D. Jones, 
Coating of Surfaces. Corrosion-resistant coatings on Fe o steel are obtained by 
flame-spraying an Al alloy powder with 30-40% Mg or 10-20% Zn. 


(5563) Brit. 623,212 (1949). Chemal Trust, Apparatus for Deposition of Aluminum 
Coating. The couting is built up by repeated applications of a ternated Al pasie 
and Al powder to both sides of Fe sheets; each application is followed by sintering 
and equalizing the layers. 


ea Brit. 624,666 (1949). N. V. Enkes, Atomizez for Discharging Molten 
foterial. Ina pistol used for flame-spraying metal powders, ducts which are 
exposed to wear are made of WC. 


(5505) Brit. Ar‘. 2631/49 (1949). Radio Corp. of America, Non-Alloying Zirco- 
nium Coating Mot -ic!. Zr coatings, on anodes of Fe or Mo in electron discharge 
tubes, are prevented from alloying with the base by diluting Zr hydride of Zr metal 
powder with pure ZrQz. : 


oe) Swiss 255,979 (1949). A. Jenny, Heat-Resistant Surfaces on Iron and 
teel. The coatings are produced by spraying with Al or Al alloys at 250°C. (480 
F.) so that part of the coating alloys with the base metal. 


(5567) U.S. 2,457,806 (1949). E.R. Crippa, Inductance Coil. The coil has a 
coating comprising a wax or resin binder and particles of finely divided Fe. 


(5568) U. 8, 2,458,839 (1949). J. R. Dyer and T. J. Rowan (The Indium Corp. of 
America), Electrodcposition of Indium cnd Its Alloys. The bath compounds may 
be made up in powder formed and dissolved in water at the time of use; in one 
example, a flat anode of Pb and In powder compressed into plate form is used. 


(5369) U. S. 2,461,556 (1939). E. T. Lorig (Carnegie-Hlinois Steel Corp.), Hethod 
end Apparatus for The Electrolytic Coating of Metal Strip. The anode may assume 
the form of a meshlike body in which filaments of plating metal are interwoven with 
each other for use in this form, or as a carrier strip upon which the plating metal 
may be deposited in powdered or granular form and sintered or otherwise fixed upon 
the backing. 
(5570) U.S. 2,752,157 (1949). W. E. Blackburn (Westinghouse Electric 
Corp.), Method uj Eliminating Porosity in Crystalline Selenium Films. After forming 
the Se couting, the coated ‘more is immersed ina solution of NaOU in glycerine; 
after anncaling, the Se surfuce is Schoup sprayed with an alloy comprising 75% Sn 
and 25% Cd. ‘ 
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5571) U.S. 2,462,681 (1959). V. J. Schaefer (General Electric Co.), A’zthod of 


Yorming Germanium Filins. A method of forming a coating of Ge on a solid sur~ 
face comprises bringing the reducing portion of a low velocity gas flame (from a 
Bunsen burner) into contact with a mass of powdered Ge oxide and bringing the 


tip of the flame into contact with the surface to be coated. 


gar) U. S. 2,462,763 (1949). V.C. J. Nightingall (Di-Met Proprietary Ltd.), 
rotect*vely Coated Ferrous Metal Surfaces. A methed involves applying to the 
Fe surface a coating of a composition comprising finely divided metallic Zn 
incorporated in an aqueous solution of an alkali silicate, and converting the 
ceating to en insoluble condition by reacting it with CO2. 


Got) U. S. 2,463,342 (1929). S. B. Wiczer, Mfetcllic Coatings. A hot-rolled 
f2 sheet is treated with Al or Mg metal powder and an oxide of a metal which 
will slow down oxidation, such as B20, and another oxide tending to form a 
slight coating, such as BcO. 


sper U. S. 2,472,760 (1949). H. L. Ratchford (Sylvania Electric Products Inc.), 
lectrode for Electron Discharge Devices. The wire gid electrode comprises an 
ej of approximately 9673 Pt and 4% W and is sprayed with a lacquer suspension 
of W powder of approximatcly 325 mesh and is then mounted in conventional man- 
ner. 


(8575) U.S. 2,475,601 (1949). A. O. Fink (The Commonwealth she garrin ag Co. 
of Ohio), Bording of Metal Carbonyl Deposits. A Cu base is coated with Ni by 
first being exposed to a CQ2 atmosphere containing 1.4% by volume of *i(CO). 
{er about 2 minutes while the Cu base is heated to 190° C. (375° F.); the coated 
base is then heated {or about 15 min. in an atmosphere of natura] gas and is then 
pt sate a Ni(CO)4-containing gas until a coating of the desired thickness is 
obtained. 


P5376) U. S. 2,485,176 (1949). F. D. Waterfall (Imperial Chemical Industries 
td.), Selective Carburization of Metals. A stopping-off composition for use in 
selective carburization comprises a solution containing a volatile solvent of a 
lacquer which dries to a hard film and has suvpended Shereia a metal powder 
formed cf Cu mixed or alloyed with up to 15% Sn, together with a minor proportion 


of Pb,0,. 


vi. Cementation and Impregnction 


5577) U. S. 761,228 (1901). S. on pig ners (Sherardizing Syndicate, Ltd.), 
rocess of Depositing Metals on Metallic Surfaces by Cementation. Zn is 

deposited on a watatie surface by applying pulverulent Zn to the surface and 

heating. 1G 

5578) U.S. 910,369 (1909). F. W. Gauntlett (Sherardizing Syndicate Ltd.), 
epositing Metals upon Hletal Articles by Cementation, To coat metal articles, 

finely divided metal is mixed with powdered SiOz or C, packed around the article, 

and the whole is heated. 


(5579) U.S. 946,663 (1910). A. Sang, Coating Metals y Cementation, Fe or 
steel erticles are coated by immersing them in Cu or Zn dust and passing electric 
current through them. 


F580) U. S. 986,504 (1911). A. J. Rossi (Titanium Alloys Manufacturing Co.), 
rocess for Treating Metal Bodies, To coat steel with Ti, a powdered alloy of 
Ti and Fe is packed against the =%ecl body and heated. 
5581) U. S. 1,014,749; 1,014,750 (1912). C.F. nee ga (United States 
herardizing Co.), Couting Metal Parts with Metal. To coet Fe or steel articles, 
Zn-Fe pov-der in granular len is applied to the surface and the whole heated. 
$582) U. S. 1,091,037 (1914). E.G. Gilson (General Electric Co.), Process of 
reating Metals. To protect metals against corrosion they are hezted in a non- 
oxidizing 2tmosphere with a powdered mixture of pure Al, AlzOg and a chloride. 
(5583) U.S. 1,155,974 (1915). T. Van Aller (General Electric Co.), Treatment 
of Metals. To protect Fe or Cu bodies from oxidation they are heated with A} 
powder'to alloy the Al with the surface. -“ 
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_ ERNEST F. FULLAM, inc. 7 


Scanning Electron Microscopy 

Transmission Electron Microscopy 

Electron Microprobe Analysis 

Electron and X-ray Diffraction 
SCIENTIFIC CONSULTANTS 
Light Microscopy 


Prototype Instrument Development 
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M. cen scientific investigation often requires the as- 
sistance of an organization with the widest possible ex- 
perience in a particular field. 


Working with a unique combination of instruments, the 
members of our staff specialize in microanalysis. Our 
ideal laboratory environment permits costly equipment 
to yield its fullest capabilities in helping to solve difficult 
research and development problems. 


In addition, simpler “trouble-shooting” tasks are often 
performed here, either because the client lacks the 
necessary equipment or because of work load limita- 
tions in his own laboratory. 


Ernest F. Fullam, Inc. was created for the specific purpose 
of providing prompt service involving the coordinated 
application of microscopy, diffraction, and microprobe 
analysis to all fields of industrial investigation. 


President 


INVESTIGATIONS AND NON-DESTRUCTIVE ANALYSES con- 
ducted by Ernest F. Fullam, Inc. cover a wide range of industrial appli- 
cations. Over the past years the laboratory has helped to solve prob- 
lems involving over a hundred different materials. Among them: 


THE COMPANY 


For mary years Ernest F. Fullam, Inc. has specialized in 
the analpsis of materials through microscopy and related 
techniques. 


Early to recognize “the limitations as well as the ad- 
vantages of the light microscope, certain members of 
the staff were among the first to visualize the wide range 
of scientific fields which could be extended by the use 
of the electron microscope. 


The corporation was organized in 1953, and in 1958 the 
company moved to its new laboratory specially desigr.ed 
to permit the most effective utilization of its unusual 
complement of equipment and talents. By developing 
new and improved techniques for sample preparation, 
we have enabled the electron microscope to realize its 
full potential as a most valuable instrument for industrial 
research. When the X-ray microscope became available, 
it was utilized to reveal further details not visible by 
other means. In due course electron and X-ray diffraction 
apparatus was added to our facilities. 


To broaden the available choice of methods for handling 
problems and interpreting results, an electron microprobe 
was designed, built, and put into service in our labora- 
tory. Then, recognizing the customer's desire and ability 
to analyse his material, unaltered in the examination, 
the scanning electron microscope was added to our fa- 
cilities. 


Such pionecring sets Ernest F. Fullam, Inc. apart as a 
unique organization dedicated to continuous progress 
in its specialized field. 


Abrasives 

Absorbents 

Activators 

Aerosols 

Aggregates 

Air Contaminants 

Amorphous and Crystalline 
Particulate Materials 

Apertures 

Armature Surfaces 

Barrier Materials 

Bearings 

Bonding Agents 

Brake Shoes 

Brushes 

Carbon Black 

Carbon Brushes 

Carbon Papers 

Catalysts 

Cements 

Ceramics 

Cigarettes 

Clays 

Coating Materials 

Colloids 

Contact Surfaces 

Contaminants 

Corrosion Products 

Diatoms 

Dielectrics 

Diffraction Grating Re 

Dispersions 

Driers 

Dusts 

Dyes 

Electrodes 

Emulsions 


Face Powders 
Felts 

Ferrites 

Fibers 

Fiberglas 
Filaments 

Fracture Surfaces 
Filter Media 
Fluorescent 24 terials 
Fumes 

Glass 

Greases 

Hairs 

Inclusions 
Industrial Finishes 
Inks 

Ink Films 
Insecticides 
Insulating Mate:‘als 
Integrated Circuits 
Interfaces 

Lakes 

Lapping Materials 
Latex 

Leather 

Magnetic Materials 
Magnetic Tapes 
Monolayers 

Metals 

Meteoric Debris 
Micrometeorites 
Minerals 

Natural Fibers 
Nucleating Materials 
Oil Cloth 

Oils 

Oxides 


Paint Films 

Paints 

Paper 

Paper Fillers 

Phosphors 

Photographic Materials 

Pigments 

Plastics 

Polarizing Materials 

Polishes 

Powdered Metals 

Printing Inks 

Printing Plates 

Radioactive Materials 

Rectifiers 

Refractory Materials 
esins 

Rocks 

Rubber 

Screens 

Semi-conductors 

Silicates 

Silicones 

Smokes 

Soaps 

Spee! Alloys 

Tars 

Textiles 

Thin Films 

Tobacco 

Transistors 

Vehicles 

Water Contaminants 

Wood Fillers 

Wood Products 

Yarns 


Consulting services are offered in: 


Physical metallurgy, fractography and failure analysis 
High altitude particle research 
Integrated circuit structural and failure analysis 
Biological pollution source detection 
Atmospheric pollution identification 
Corrosion studies 
- Material contamination 
Surface studies 
Pate:'t infringement 
Particle size analysis 
Collcvid and emulsion studies 
Crystallography 
Lega! testimony 
Prototype instrument development 
Microscopy of organic and inorganic materials 


To meet your particular needs for problem solution our 
laboratory techniques include: 


electrori miczoscopy by transmission and scanning... . 
X-ray and light microscopy . . . electron microprobe 
analysis . . . electron and X-ray diffraction . . . chemical 
microscopy . . . photomicrography . . . ciné and color 
micrography .. . stereoscopic micrography . . . contour 
piotting . . . microrefractive index . . . and density mea- 
surements... areal analysis . . . thickness measure- 
ments ... thin cross-sectioning . . . ultramicroscopy . . . 
vacuum evaporation . . . thin film deposition . . . shadow 
casting ... dispersions . . . projection and contact micro 
radiography . . . micro X-ray emission . . . “clean roora”’ 
services . . . preparation and loading of substrates for 
high altitude particle collection . . . 
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RANSMISSION ELECTRON MICROSCOPY - TEM 


e trarsmission electron microscope has over 100 times 
Mithe ceso'ving power of the light microscope. Our micro- 
scopes provide direct magnification of more than 170,000 

Jiameters. Photographic enlarg ‘nent to over 1,000,000 
jarnete’s shows an image resclution of kztter than 4 
point to point. 


Acceleration voltages are 30 to 120 KV depending on 
desired image contrast and specimen thickness. Various 
Raccessorics permit tae specimen to be heated, cooled, 
til’? to high angles and rotated while being examined 
in either bright or dark field. Sample damage is pre 
venied by a device the’ vermits very low beam intensi 

es to be used. 


tereoscopic studies and contour plotting can be per- 
ormed. Crystalline compounds can be analyzed either 
by selected area and high resolution electron diffrac- 
Ation of transmission samples or by reflection diffraction 
of bulk samples. 


e transmission electron microscope is an extremely 


mversatile instrument with significant applications in all 


ifields of scientific investigation. e Hy 
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ELECTRON MICROPROBE ANALYSIS 


The electron microprobe analyzer is one of the most 
powerful and sophisticated tools for research, develop- 
ment and production problem solving. It provides precise 
non-destructive chemical analysis — both quantitative 
and qualitative — of minute volumes of solid materials. 


Signals from its detectors are read out from solid state 
devices on to a strip chart, scaler, teletypewriter or 
punched tape for subsequent quantitative computer 
wialyses. Visual display on a cathode ray tube enables 
photographic recording of X-ray, specimen current and 
back scattered electron images. ; 


Applications of the ele on microprobe are outstanding 
in the fields of meta". gy, chemistry and biology to 
study diffusion, corrosion, segregation, inclusions and 
particulates. 
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SCANNING ELECTRON MICROSCOPY-SEM 


Scanriing electron microscopy is an indispensable ad- 
junct to light microscopy and ‘ransmission electron 
microscopy for the microstructural examination of a 
broad spectrum of materials in many forms. 


The SEM is an imaging microscope for viewing surfaces 
at a wid range of magnifications on a CRT or television 
screen. With its energy dispersed X-ray read-out, the 
SEM identifies elements and provides qualitative and 
semi-quantitative analysis. A line graph of X-ray in- 
tensity superimposed on a photomicrograph will identify 
elements in the area of interest. 
The special utility of the SEM stems from a unique 
combination of features: 
@ Great depth of focus—nearly 300 times that of the 
light microscope 
© Variable specimen illumination and choice of elec- 
tron imaging mechanism for realistic “three dimen- 
sional” imaging 
@ Wide magnification range—continuously variable 
—50to 100,000 diameters , . 
© Good resolution—normally 200A, potentially 100A 
point to point 
© Direct examination without replication or surface 
preparation 
® Specimen manipulation with a micro manipulator 
and other special stages 
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Scanning electron microscopy is particularly useful for: 

@ Fractography of metals, ceramics, plastics, and 
composite materials 

© Studies of pore and cell structures in natural and 
synthetic substances 

® Determination of the topography of nearly any 
solid surface 
Evaluations of the particle size, shape and surface 
structure of powders, pigments, fillers, tissue cells, 
bacteria and other particulate matter 
Plating thickness measurement 
Investigations of coatings, deposits, corrosion lay- 
ers, and biological tissue 
Examination of filament and fiber configuration and 
bonding in textiles, yarns, felts, papers, filters, 
wood 
Inspection of physical characteristics of semi-con- 
ductors surfaces and detection of potentials in tran- 
sistors and integrated circuits. 


Attendance by the client during scanning electron micro- 
scope examination of his specimens is cordially invited. 


LIGHT MICROSCOPY 


The light: microscope is the basic tool for the study of 
all materials in the field of microscopy and for the prep- 
aration vf samples for study in other types of micro- 
scopes, Hiffraction instruments, and the electron micro- 
probe. 


Various types of light microscopes are available in our 
laboratory, including metallurgical, polarizing, stereo- 
scopic, petrographic, photomacrographic, etc. Photomi- 
crograp!is in black-and-white and color may be made of 
virtually all materials, many of which cannot be ex- 
amined in other microscopes. 


Numerous accessories and lens combinations give the 
light microscope a distinct advantage over both electron 
and X-ray microscopes in the study of many materials. A 
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X-RAY MICROSCOPY 


The X-ray Microscope is an electrostatically focused 
electron optical instrument producing X-rays for shadow 
projection in order to magnify and reveal detailed in- 
ternal structures of specimens opaque to light and elec- 
trons. Among its many advantages are: good resolving 
power, greater penetration and very large depth of field 
permitting stereoscopic and ciné micrography. The very 
small source of X-rays, produced by this microscope, 
has been found useful for many research and analytical 
applications. 
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ELECTRON DIFFRACTION 


The clectron beam formed in the electron diffraction 
camera, having a low penetrating power, produces dif- 
fraction patterns from the surface structures of bulk 
samples by reflection. Patterns may also be formed by 
electron transmission through thin films or small partic- 
ulate materials which cannot be “seen” by X-rays. 


Chemical composition and crystalline structure of the 
material is then determined by measuring the spacings 
of spots or rings in the electron diffraction patterns. 


Electron diffraction is a non-destructive analytical tech- 
nique used on those materials or surfaces that do not 
produce an X-ray diffraction pattern for the identification 
of compounds. It is the only method capable of investi- 
gating structural features of thin films on solid matrices. 


X-RAY DIFFRACTION TT laa > 
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destructive means of analyzing their basic structure. 

When X-rays hit a crystalline material a spectrum is 

produced just as when light hits a ruled grating but the 

“grating” in a crystal is three-dimensional. Planes of 

atoms occur in all directions, depending on the configura- 

tion within the crystal. The diffraction pattern, producing 

spots or lines at various angles and intensities can reveal 

the exact position of every atom in the crystal. This 

* enables measurement of interatomic distances end bond 

angles to identify the material and its anisotropic, elec- 

tronic and physical properties. 


Areas in which X-ray diffraction has been used in this 
laboratory are as follows: 


Identification of unknown materials 
Particle size line broadening 
Preferred orientation studies 
Degree of crystallinity in fibers 
Quantitative measurements of retained austenite in 
steels’ 
Microradiography 
Characterization and orientation of fibrous materials 
Orientation of metallic whiskers | roe mm 
Chemical composition studies i Xp, hay tm! 
Determination of lattice parameters fi *Y weg” cer 
Quality control SET CE Cen ca a Mr MF 
Quantitative stress measurements Bal. Yok iy’ a ‘ 
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METALLOGRAPHY -FRACTO GRAPHY-FAILURE ANALYSIS 


We are fully equipped to perform metallography, fracto- 
graphy, and failure analysis. For specimen preparation, 
equipment is available for cutting, grinding, electroplat- 

and vacuum coating, plastic mounting, mechanical 
or electzalytic polishing, etching, and surface replication. 


The microstructure of metals, ceramics and composite 
materia's can. be examined over a wide range of magni- 
fication, by means of light microscopy, scani.ing electron 
microscopy, replicating electron microscopy, and thin 
film transmission electron microscopy. 


Elemental analysis of secondary phases, precipitates, in- 
clusions, segregated regions, diffusion layers, coatings, 
corrosion deposits and surface contaminants can be con- 
ducted by electron microprobe X-ray analysis, or by 
energy dispersive X-ray analysis in conjunction with the 
scanning electron miscroscope. 


Identification of the crystalline compounds present can 
be made by X-ray and electron diffraction, including 
selected area electron diffraction. The topological fea- 
tures of fracture surfaces. are fully revealed, and can be 
measured by stereoscopic light microscopy, scanning 
electron microscopy, and replication electron micro- 


scopy. 


AMONG RESEARCH APPLICATIONS 


One cf our speci: ‘ies is high altitude particle research. 

We are winiquely qualified in this field because we have: 

The capabilities for building or modifying particle en- 
trapment mechanisms. 

The techniques for preparing particle collection sub- 
strates such as super-clean me.al surfaces and thin 
films. 

The “clean room” facilities for loading collection sur- 
faces into flight boxes. 

The analytical equipment for smali part:cle identifi- 
cation. .. 

... and extensive expesience with micrometeorite and 
other particle gathering projects in conjunction with 
flights by Acrobee, Nike, and Atlas rockets, U-2 
planes, balloons, and other vehicles. 
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BM ATMOSPHERIC POLLUTION 


There are few things in the natural world whose small- 
est parts fail to reveal not only their unique identity, 
but a very special type of historical record. Even the air 
we bzeathe, burdened with the outpourings of sooty 
stacks and exhausts, contains tons of distinctly different 
particles from many sources. Under the microscope we 
observe, cavegorize and classify these particles, tracking 
the pollution back to its source. By microprobe analysis 
and electron diffraction we identify the elemental com- 
position and chemical compounds present in specific 
particles. Armed with this information, enforcement 
agencies can take the appropriate action to remove or 
reduce the pollution at its source. 


Typical effluent particles from polluted urban air are 
shown in magnifications from 300 to 10,000 diameters. 
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SUPPORTING FUNCTIONS 


The major services and equipment described earlier 
h ve ample supporting facilities such as several sample 
preparation laboratories containing vacuum evaporators, 
particle size analyzer, ultrasonic cleaner, vacuum oven, 
centrifuge, . dessicators, micro-hardness tester, micro- 
tomes, micro-drill, hoods, darkrooms, “‘clean-rooms”, 
freezing cabinet, metallographic polishing equipment, 
distillation equipment, dispersion equipment, magnetic 
equipment, facilities for handling radioactive materials, 
chart recorders, diffraction readers, etc. 


All lab»ratory and office areas are air conditioned. In 
addition, the atmosphere of the more critical laboratory 
areas is rigidly controlled as to temperature, humidity, 
dust, vibration, illumination, and stray magnetic fieids. 


No cos: is spared to insure\the most modern equipment 
and énvironment for our laboratory services, which in 
turn arz backed up by the wel! equipped instrument and 
development shop whose capabilities are described on 
the following page. ‘ 
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AND PROTOTYPE INSTRUMENT DEVELOPMENT 


A staff of instrument makers and skilled machinists is 
available to build special instruments and prototypes, 
or to modify standard instruments and equipment. 


Accustomed to operating in the manner of a develop- 
ment sop, these men are prepared to translate your 
ideas into reality, working either from rough sketches 
er to close tolerances from forma! drawings and rigid 
specifications. 


They are particularly qualified in the optical-mechanical 
or elect:o-mechanical fields. Their usual function is to 
provide a constant flow of new and improved accessories 
for mictoscopy, but the diversity of their experience 
ranges from high speed cutting devices to micrometeorite 
sample tollectors. 


American Metals Climax, Inc. 
American Smelting and Refining Co. 


Bell Aerospace Corp. 
Bell Tepe Laboratories 
The Bendix Corp. 

The Beryllium 


Corp. 
Bettis Atomic Power Laboratory 


Chase Brass & Copper Co. 
Clevite Corp . 


Columbisn Carbon Co. 
Consolidated Controls Corp. 


ry: 
Curtiss-Wright Corp. 
Cutler-Hammer, Inc. 
The Dow Chemical Co. 


ta er wunk Co. 
Genera! Synamics Corp. 


SOME OF OUR CLIENTS 


Gulf Research & Development Co. 


Harbison-Walker Refractories Co. 
The Harshaw Chemical Co. 
High Voltage Engineering Co. 
Hooker Electrochemical Co. 
Hudson-Lake George 
Limnological Research Center 
Humble Oil & Refining Co. 
IBM Research Center 
international Telephone 
& Telegraph Corp. 
Inmont Corporation 
International Harvester, Inc. 
Insiico Corporation 
lonics, Inc. 
Isotopes, Inc. 
Johns-Manville Corporation 
Johnson & Johnson 
Kee Lox Manufacturing Co. 
Kitt Peak National Observatory 
Knolis Atomic Power Laboratory 
Lincoln Laborstories, Inc. 
Lorillard Corporation 
Mari n-Rockwell Corp. 
Massachusetts Institute 
of Technology 
Max-Planck Institute 
McDouneli Aircraft 
Melpar, inc. 
Metal & Thermit Corp. 
Metals & Controls Corp. 
Minnesota Mining & Mfg. Co. 
Monsanto Company 
Moore Business Forms, Inc. 
N.AS.A. Lewis Research Center 
Nashua Corp. 
Nationai ees of Standards 
National Lead Co. 
New York State Police 
Northrop Corp. 
Norton Co, 


Nuclear Metals, inc. 

Pfaudler Cu., Inc. 

Charles Pfizer & Co., inc. 
Phillip Morris, Inc. 

The Pilisbury Co. 

The Polymer Corp. 

Radio Corporation of America 


Raytheon Company 
Rensselaer Polytectiinic Institute 
Revere Copper & Brass, Inc. 
Riegel Paper Corp. 

Rome Air Development Center 
St. ae Paper Co. 

Sandia Corp. 

Sehanaetate Chemicals, Inc. 
Scott Paper Co. 

Sierra ialc & Chemical Co. 
Southern Research Institute 
Speer Carbon Co. 

Sprague Electric Co. 

Sterling Drug, Inc. 

Sterling Grinding Wheel Co. 
Sun Oi! Co. 

Superior Tube Co. 

Texaco Experiment, Inc. 

TRW, Inc. 

Thiokol Chemical Corp. 
Tracerlab, inc. 

Union Carbide Corp. 

United Aircraft Corp. 

United Nuclear Corp. 

Uniroyal Corp. 

United States Steel Corp. 
Universal Cyclops Stee! Corp. 
The Upjohn Company 

Vitro Corp. of America 
Waterviiet Arsenal 

Western Electric Co. 
Westinghouse Electric Corp a::*ion 
Whes!ing-Pittsburg Steel Corp. 
Wyrnen-Gordon Co. 


Xerox Jorp. 
Zirconium Corp. of America 


"Yea sre invited to contact us if you believe we can 
be of service. Visits to our laboratory can be arranged 
at mutwally convenient times. We are located in the heart 
of the Capital District — just one mile from the Albany 
Airport terminal buildings. ; 


ERNEST F. FULLAM, INC. 
900 ALBANY SHAKER ROAD 
LATHAM, N.Y. 12110 


O.. staff scientists are charter members of the following 
organizations: 


. 


* .. +“Electron Microscopy Society of America 
Electron Probe Analysis Society of America 
New York Society for Eleetron Microscopy 
Microscopical Society of Canada 


We hold individual or corporate memberships in: 


American Association for the Advancernent of Science 

American Chemical Society 

American Institute of Chemists 

American Microchemical Society 

American Physical Society 

American Society for Testing ari Materials 

Institute of Electrical and Electronic Engineers 

Louisiana Society for Electron Microscopy 

New York Academy of Sciences 

New York Microscopical Society 

New '< Society for Electron Microscopy 

Phila. ait Society for Electron Microscopy E 

Southeastern Electron Microscopy Society RNEST F. FULLAM, INC. also manufactures and 

Texas Society for Electron Microscopy markets a wide selection of ‘ccessories for use with 
electron microscopes and related ir.struments. 


Catalog “ACCESSORIES FOR MICROSCOPY” is avail- 
able on request. Write to ERNEST F. FULLAM, INC. 
Scientific Consultants, P.O. Box 444, Schenectady, New 
York 12301. 


FULLAM, INC. / SCIENTIFIC CONSULTANTS 


ERNEST F. 
ee 80k 444 te SCHENECTADY, WN. ¥.--12301 -* - TEL. 528, 785-5533 


RAL < 


toe arr 


ELECTRIC 


GEN 


7382- N 


CHART 


Pores 


aay MEAT Cat D6 MO, “SOt Ok 


STROM levinan AB w SA 


ren Se 


i eee 


| 
1 
det eae Sl dicmecitanst awoke 
| east F. FULLAM, INC. | 
P.O. BOX! 44 | 
Pi vata agp WY. 12301 


XRD ea, fit Ope ink 
CUSTOMER 2. 


he 


AMP SAIN 
ta 


eed 


oe ar ae ne 
i 
4 

at see 
se sn 


ee 


= 


GENERAL OD FLECTAIC 


1 
7] 
;\ 
& 
& 
i 


a a 


eee freee eee 


st 
(4 


t 


\ 
i i 
pn Gigies Uereel Se be 


CD Gk sa wp Rink Ce ENA TLS 16 o VL ee Ee eed ve 


prs 
a 


Sonne cee 


Prt ddd 


rr Qe” “ae ea asec er * 


aA 


. a 


* 


¢ 


ome! 


mae 


SseTeeene Seasess 
rItii ti 
SUCOASTHS VEBeas eee 
AAR THAT SHR Me 


$0 8 9 OO EE SH Rw ew 


ads ceegeecscccsses:| 
sae uesccauccensses 


2eeeeeee 
he Sr 
a a A ww 


Beet 
8 aw — 3C Cae eee 
Ld 
on ra 
om a aD 


Baaeeeenseees 
Pur veses aaeue. 


SLAC TURE EON SET THE SH Ds 
. nd ig 


iw 
' * me 


e 


TERE ae: 


12 Sh SRO Tash 


2g. U.S. Pat. Off. —biorca Reg. 


TYPESP, ss 
ThermoSpray Gur 


q instruction Manua. 


: HY4 ELTG G IAS. wesreury, v1. n-v.. : 
iN GREAT parraine Mi ETG 6 LT D m CHOBHAM ¢ WOKING © ENGLAND 


Instructions G 9844, 'ss. b. Cat. No. 5P 777 
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SP..AYING TABLE — METCO Type 5P ThermoSpray Gun 
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NOTES: 


1. The ranges of Flow Contro! Valve settings are nominal. Individual guns may require settings which fall outside 
the range. Adjust as necessary to obtain the best coatings. 


| 2. The consumptions shown are optimum values obtained by skilled operators with all equipment in first-class 
condition. 
i 


3. The deposit efficiency figures shcwn are approximate values which have been rounded off for easy calculation. 
Where accurate values are important, special on-the-job test runs are advised. 


4. The figures shown in columns 17 and 18 for 12C, 14€, 14E, 14F, 15C, 15E, 15F, 16C, 18C, 31C, 34F and 34FP are 
based on fused coatings. 


4 S 5. The figures for 32C are based upon a coating in the as-sprayed condition. To fuse this material, an overcoat of 
15E must be applicd. Refer to the Flame Spray Handbook for further information. 


G 7. With 401 and 401-NS Powders, proper spray distance is especially important. Bond strength and reliability fall 
sopicly outside of the recommended range. 


— air is required with No. 55 Powder. Grient the air cap with cooling end (flat face) outward. 


8. For convenience, metal powder spray rates can be reduced to approximately half rate by replacing the No. 11 
Metering Valve with the No. 12 Metering Valve. Lighting pressures and flow readings remain unchangec. 


9. NS. grade powder uses the same spray parameters as powder of the s ume number without the N.S. suffix. 
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Copyright 1967 by 
 METCO INC. 
Westbury, L.I., N.Y. 


Printed ir U.S.A 


METCO, ThermoSpray, 
METCOLITE, METCOLOY, 
METCOSEAL, SPRASABBITT, 
SPRABRASS, SPRABRONZE, 
SPRABOND WIRE, SPRASTEEL 
Reg. U.S. Pat. Off. 
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THE METALLIZING PROCESS — HOW IT WORKS 
Metals that can be used for metallizing 
Opportunities for product improvement— 

low production cost—design flexibility 
Accurate control 


Characteristics of metallized coatings 
Coating thickness 
Apparent hardness versus true hardness and 
abrasion resistance of metallized coatings 


Table 1—Hardness 

Table 2—Tensile Strength 
Table 3—Comparative Shrink 
Table 4—Bond Strength 
Table 5—Spraying Data 
Typical Applications 


Wear resistance 

Weight reduction plus wear reduction 
Corrosion resistance 

Product improvement 

Lower costs—higher production 


Miscellaneous Production Applications 
Brazing and soldering 
Coatings on non-metallic materials 


Miscellaneous Non-Metallic Materials 
Carbon brushes and resistors 
Ceramic resistors and insulators 
Cloth and paper 


Metallizing Equipment 


Fully Automatic Production Metallizing 
Typical Automatic Set-Up 
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THE THERMOSPRAY P2OCESS—HOW IT WORKS 
Materials that can be sprayed by the 
ThermoSpray Process 
Alloys for fused coatings 
Tungsten carbide 
Oxidation resistant alloys 
Ceramics 
Typical Applications 
Dry “fluid” drive 
Miscellaneous Physical Properties 
Fused coatings 
Teasile strength 
Density of Coatings (Table) 
Hot Hardness (Table) 
Thermal Properties (Table) 
Ceramic coatings—Hardness 
Typical Applications of Ceramic Coatings 
Other recommended applications for Self- 
fluxing ThermoSpray Powders (Table) 
Other recommended applications for Tungsten 
Carbide ThermoSpray Powders (Table) 
Other recommended applications for Ceramic 
ThermoSpray Powders (Table) 
THE METCO PLASMA FLARE SPRAY PROCESS — 
HOW 17 WORKS 
Materials that can be sprayed 
Applications 
FLOOR SPACE REQUITEMENTS FOR TYPICAL RESEARCH 
DEPARTIAENT HISTALLATION 
HANDBOOK 
FURTHER INFORMATION 
ENGINEERING ASSIST*!.CE 
SALES AND SERVICE OFF CES 
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The term “metallizing” is used to describe that type 
of flame-spraying process which involves the use of 
metal in wire form. The wire is drawn through the 
gun and nozzle by a pair of powered feed rolls. 
Here the wire is continually melted in the oxygen- 
fuel-gas flame and atomized by a compressed air 
blast which carries the metal particles to the prev- 
jously prepared surface. The individual particles 
mesh to produce a coating of the desired metal. This 
meshing action is still not completely understood, but 
the effect is apparently due to a combination of 
mechanical interlocking and cementation of the 
oxides formed during the passage of the particles 
from the gun nozzle to the sprayed surface. 


Any metal that can be drawn into wire form can be 
sprayed with the Metco Metallizing Guns. 


A list of typical metals-available for wire metallizing 
is carried in Table 5—Spraying Data. For informa- 
tion on the fiame-spraying of metals and other 
materials that cannot be drawn into wire see Metco 
ThermoSpray and Plasma-Flame Processes on pages 
7 and 11 respectively. 


Metallized coatings have been in extensive use for 
over a quarter of a century. The process was origi- 
nally used primarily for repair and maintenance 
of machine parts. However, their desirable charac- 
teristics exhibited under severe service conditions 
has led a rapidly growing number of product design- 
ers to tuke advantage of the special properties of 
these coutings. They are used to improve wear resist- 
ance, abrasion resistance, corros’on resistance and 
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Wire nozzle and air cap cross section, METCO Wire Metallizing Gua 
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for weight reduction as wel! as lowered production 
costs. In addition, the economic feasibility of apply- 
ing comparatively expensi: e metals in thin coatings 
at critical areas is well kiown. This provides the 
design engineer with an economical means of impart- 
ing a wide : ange of desired mechanicai and physical 
characteristics to particular parts of a product, and 
materially increases flexibility of design. 

Result: Many companies are using this unique pro- 
cess in the manufacture of original equipment. Many 
others have assigned their research and development 
departments to investigate its profit potentials in 
product improvement, increased production rates, 
lower manufacturing costs. 


The various phases of metal spray can be very accu- 
rately controlled when using modern metallizing guns 
and auxiliary equipment. Results can be duplicated 
exactly since all factors that affect the spraying are 
under precise control. The supply and pressure of 
oxygen-fuel gas, and air are accurately controlled by 
flowmeters and pressure regulators. Wire feed is 
closely adjustable and can be maintained at a pre- 
determined rate of feed. 


Specific characteristics of metallized materials are 
treated in the tables that follow. However it should 
ve noted that for mechanical applications the compo- 
sition of sprayed metal is chemically and physically 
different from that of the original wire. In genera’ it 
is harder and more porous than its equivalent in cast 
or wrought form. This combination of hardness and 
microscopic surface porosity which tends to hold lub- 
ricants, makes the metallized coating an ideal bear- 


ing surface, much superior to the same metal in its 
original form. 


coating thickness 


Theoretically there is no limit to the thickness of the 
metallized coating which may be applied. However, 
in practical applications internal stresses set up in 
metallized coatings, some of which show shrinkage 
characteristics that tend to raise the edges of the 
coating on flat surfaces where unusual thicknesses 
have been sprayed over large areas. This limitation 
again is extremely variable and it is recommended 
that wherever possible, special provisions for edge 
bond’ng be worked out experimentally. (For further 
details see Metco Handbook). It should be noted that 
these considerat’ons do not apply on cylindrical 
shapes where m allized coatings of any reasonable 
thicknesses have been applied. 


apparent hardness versus true hardness and 
abrasion resistance of metallized coatings 


Readings obtained with hardness testing equipment 
usually available are only useful in comparing one 
sprayed metal with another just as with other mate- 
rials, such as sintered powder metal. For instance, 
Table One gives the Rockwell Hardness of a number 
of sprayed metals, and though 0.80 carbon steel is 
very hard, when sprayed it develops a Rockwell read- 
ing of only C-36. Actually the true particle hardness 
is C-67 and the metallized coating will resist wear 
much better than hardened steel because of the sur- 
face porosity which holds the wubricant. 


typical applications 

wear resistance 

A typical example of the superior wear resistance 
offered by metallized coatings of superior metals is 
offcred in the example of a manufacturer of precision 
bearings. The extremely close tolerances specified for 
the final product prohibiied the use of ball-bearing 
equipped grinder-spindles. Consequently split-sleeve 
bearings were employed, and these were kept so 
tight that ordinary uncoated spindles had to be 
replaced because of wear within a few days to less 
than a month. Many different types of special stecis 
were tried without success. Now the spindles are 
metallized with Sprabond (molybdenum) which is 
sprayed directly on the spindle surface. These metal- 
lized spindles commonly are in service for over a year 
and a half before they are removed and re-metallized. 


TABLE 1— HARDNESS 


Roctovell Hardness 
SPRABRONZE AA 
SP Pr BRONZE Tea 
METCO COPPER 
METCOLOY +1 (18-8 Stainless) 
METCOLOY =2 (High Chrome Stainless) 
SPRASTEEL LS (Low Shrink) 
SPRASTEEL =10 (0.10 Carbon) 
SPRASTEEL =25 (0.25 Carbon) 
SPRASTEEL =80 (0.80 Carbon) 
METCO NICKEL 
METCO MONEL 
SPRABOND (Mclybdenum) 


TABLE 2 —TENSILE STRENGTH 


METCO ALUMINUM 
METCO S.F. ALUMINUM 
(Super Finish) 
-SPRABRONZE AA (Al. Bronze) 
SPRABRONZE TM 
METCOLOY +1 (18-8 Stainless) 


METCOLOY =2 
(High Car. Stainless) 


SPRASTEEL LS (Low Shrink) 
SPRASTEEL =10 (0.10C) 
SPRASTEEL +25 (0.25C) 
SPRASTEEL =80 (0.80C) 


SPRABRONZE AA (Al, Bronze) 
SPRABRONZE TM 

METCOLOY +1 (18-8 Stainless) 
METCOLOY =2 (High Carb. Stainless) 
SPRASTEEL LS (Low Shrink) 
SPRASTEEL +10 (0.10C) 
SPRASTEEL =25 (0.25C) 
SPRASTEEL +80 (0.80C) 

SPRABOND (Molybdenum) 


TABLE 4— BOND STRENGTH 


‘ an ond ' Ang 
over 
Metco | Smooth | 24 Pitch 
Metal Sprayed Method | Surface 
BB50 | 16000 


Sprastee| =10 
(0.10C) 
Sprabronze TM 


Metcoloy 1 

(18-8 Stainless) 

Metco 

Aluminum 

S.F. Aluminum 

(Super Finish) Tension 


Note: Figures above show stress in psi required to break bond of various types 
of metals and surface ,:eperations. Base specimens were cold finished steel 
Non-metallic bases cannot be tested because, with proper preparation, they will 
fracture before bond failure occurs, 
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These automotive valves are being metallized with aluminum to 
provide superior heat protection. In the assembly line pictured here 
they 2re automatically conveyed past pre-heating torches and 
rotated past metallizing machines spraying pure aluminum. This 
method has substantially increased production rates and lowered 
manufacturing costs over the previously used dip-tank method. 


miscellaneous production applications 

brazing and soldering 

Metallizing is often a very satisfactory way of pre- 
placing solder or brazing metal. Lead solders, silver 
solder, aluminum brazing metals and pure copper can 
be applied in this manner. The usual practice is to 
spray the filler metal in place using ordinary metal- 


lizing techniques. The assembly is generally furnace-—~ 


brazed using a hydrogen furnace. 


coatings on non-metallic materials 

A number of products are on the market which incor- 
porate metallized glass. A nationally advertised 
double window glass which consists of sheets of plate 
glass soldered together with un air space between is 
metallized. A copper alloy is sprayed in a 1/4” band 
along the edges—two sheets are placed together with 
a metal spacer in between. The spacer is in contact 
with the metallized copper edges and then a special 
solicr is flowed on to effect a compiete seal. 


E1054 


A large glass company manufactures the heating 
elements for a -adiant heater. The heating element 
consists of a sheet of glass onto which is sprayed a 
continuous strip of aluminum in the form of a flut 
coil. 


Ancther glass company has been metallizing the 
edges of meter glasses for many years. The object 
here is to enable the glass to be soldered to the metal 
casing so as to provide a joint that is tamper-proof, 
gas-proof and moisture-proof. A simple production 
set-up enables one gun to produce some 6.09) pieces 
a day. Metal used is ordinary brass or copper. 


The above are representative of the activities of some 
of the large companies. There are others who are 
using metallizing for less/known products such as 
roa” signs, catapnotes and similar items. 


miscellaneous non-metallic materials 

carbon brushes and resistors 

Carbon resistors and brushes are sprayed with a thin 
film of copper as a means of obtaining an electrical 
connection of high cond: :i-itvy. Pigtails are then 
soldered to this sprayed cor *rface. 


ceramic resistors and insul: ors are also sprayed 
for the same reason 

Most of this work is done or a high production basis 
in automatic machines. No preparation is needed 
since the copper bonds direct’y to the relatively 
porous surface of the unglazed ceramic. 


cloth and paper 

Cloth an< paper are metallized with the lower 
melting point metals such as aluminum and zinc for 
a number of different uses, including electrolytic 
condenser plates where aluminum is sprayed on both 
sides of a gauze-like fabric. No preparation is 
required since the metal inter-locks with the base 
materials. 
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metallizing equipment 

METCO Metallizing Guns are available in three types 
—one, an all-purpose metullizing gun designed for 
tool-post mounting or hand-held operation: another 
especially designed for high-speed hand spraying in 
corrosion protection work; and the Type K Electric 
Drive Metallizing Machine, designed for production 
metallizing where heavy duty, continuous operation 
is required. 
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METCO TYPE K heavy duty metallizing machine and TYPE C Automatic Contro! System 


New electronic controls such as the METCO Type C 
Contro! Systems, have made fully automatic push- 
button metallizing a reality. These electronic units 
not only start and stop the metallizing guns, change 
the flame to “idle’ when desired, and control and 
start the wire feed, but they literally watch and 


supervise the operation of the metallizing gun. 


One control pane! is used for each metallizing gun, 
and any number of guns and panels c~~ be installed 
and inter-locked, so that all of the units can be com 
trolled from a sing.e master station. 
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typical automatic set-up 

This installation was developed to apply a 3/4” wide 
bronze bearing surface to the center of a shaft 4° 
diameter and 18” long. Coating thickness is 1/8”. 
Pieces are undercut 1/32”, build-up is 1/8” and 
approximateley 1/32” removed in finishing, providing 
a band approximately 1/16” larger than the shaft 
diameter. Eight stations are provided and the fol- 
lowing operation takes place at each: 


Station No. 
Station No. 
Station No. 


1 loading 
2. preheat to approximately 250° F 
3 apply SPR. BOND .0015" to .002* thick. 
Spray time 15 to 20 seconds 
Station No.4 SPRABRONZE AA, first coating 
Station No.5 SPRAGRONZE AA. second coating 
Station No.6 SPRAEBIRONZE AA, third coating 
Station No.7 inspection, or spare for increased 
production 
Station No.8 «unloading 
This machine indexes once every 40 seconds and 10 
seconds are allowed for this operation. An automatic 
timing device shuts down the wire feca at B, C, and 
D for this intermediate period. Metallizing Machine 
A operates for 15 te 26 seconds end the wire feed 
is Shut off for 40 te 45 = ond. 
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METCO ThermoSpray Powder Gun 


The term “ThermoSpray” is used to describe that 
type of flame-spraying equipment which involves 
the apriication of metals, and other materials in 
powde form. These include alloys of nickel- 
chromium-boron-silicon, tungsten-carbide mix‘ures, 
ceramics such as alemina and zirconia, and certain 
cermets. 


The powdered materials are held in a hopper atop 
the gun and gravity fed into the gun proper where 
they are picked up by the oxy-acetylene (or hydrogen) 
gas mixtures and carried to the gun nozzle. Here they 
are melted almost instantly due to the extremely high 
_ thermal efficiency of the gun and carried to the sur- 
face being sprayed by means of a siphon-jet arrange- 
ment at the gun nozzle. This also contributes to its 
thermal efficiency. Very hizh deposit efficiencies can 
be attained, (usually well above 905). The mechan- 
ical design of the gun is simplicity itself for 
extremcly long life with minimum maintenance 
requirements. 


materiais that can be sprayed 
by the TharmoSpray process 


There are three basic types of coating materials 
which are used in the various ThermoSpray processes. 
Although there are many possible corabinations, and 
some overlap Letween types, these are: 

1. Alloys for fused coatings 

2. Oxidation-resistant metals and alloys, used in 

either an “as sprayed” or fused state. 

3. Ceramics. 

The following descriptions cover those materials 
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most commonly used in the ThermoSpray processes. 
This list is subject to expansion and many special 
purpose powders, which are not described, are 
presently available. 


Alloys for fused coatings 

Alloys in this group are calied “self-fluxing.” Basic- 
e'ly they are chromium-nickel-alloys to which boron 
and silicon fluxing agents have been added. These 
affect fluidity and surface tension of the molten alloys 
during fusing operations, an important consideration 
because in the past, alloys in this class have been 
characterized by rapid transition from solid to liquid 
—in other words, a narrow “plastic range”—making 
them difficult to fuse without sagging. Metco has 
modified several alloys to provide a wide plastic 
range and enable the user to fuse heavy coatings 
without difficulty. 


These alloys range in hardness from Rc30 to Re65. 
They are highly resistant to wear and abrasion and 
will often outweac steel of equivalent hardness by as 
much as 20 to 1. They are also highly resistant to 
corrosion and oxidation, ir this respect, being gen- 
erally superior to premium stainless steels. 


Tungsten carbide 

ThermoSpray Powders 32C and 31C consist of high- 
quality sintered tungsten carbide blended with a 
self-fluxing alloy. 32C provides coatings having the 
maximum carbide content obtainable in coatings of 
this type, while 31C is blended with a higher propor- 
tion of the self-fluxing matrix material for use where 
maximum carbide concentration is r ‘ required. In 
these coatings, as fused. the carbide grains are 
securely bonded in a matrix material which, itself, is 
outstanding in wear resistance. Careful classifica- 


tions of selected gradvs of carbide produces very high 
deposit efficiencies. Hardness of the matrix in such 


coatings is RC 62-66 while the carbide is the equiva- - 


lent of RC 75. 


These powders are recommended for application 
where abrasion conditions are severe. 


Oxidation resistant alloys 

These alloys were developed primarily on the basis 
of their oxidation resistance and then processed to 
meet the requirements of the ThermoSpray process. 
They are not self-fluxing and are always used in the 
“as-sprayed” state. In many cases they are used as 
bonding or barrier coatings where a ceramic will 
subsequently be applied. 


Ceramics 

The high thermal efficiency of the ThermoSpray gun 
makes it possible to apply refractory materials at 
speeds which are economically feasible. Many special 
purpose refractory and cermet coatings may be 
sprayed, but alumina and zirconia are the materials 
most widely used. 


ThermoSpray Powder 101, a grey alumina containing 
titania and ‘aces of other oxides which tend to 
“toughen” the grain. This material is used for wear- 
resistant coatings and for heat resistance where 
wear and abrasion are also present. 


ThermoSpray Powder 105 —a high purity white 
alumina having lower emissivity and lower thermal 
conductivity than No. 101. Preferred for its thermal 
properties in heat barriers, particularly where blast 
erosion is a factor. Also used as a high temperature 
dielectric although sealing is required if dielectric 
strength is to remain constant. 


ThermoSpray Powder 201 —lime-stabilized zirconia 
used for heat insulation. Melting point approx. 4650 
F. Color —light yellow. Abrasion resistance fair, 
though lower than that of ThermoSpray 101 or 105. 


typical applications 

The ThermoSpray process has found wide application 
wherever service conditions are severe as, for exam- 
ple, in equipment for the petroleum and chemical 
industries. In the former it has been used with 
notable success on pump-plungers used in oil well 
pumping units and in pumps used in “‘water-flooding” 
which injects water into partially depleted oil pools 
to force out the remaining oil. Both the crude oil 
and salt watcr used in secondary recovery projects 
contain highly corrosive chemicals which would ruin 
ordinary metals in a short time. The ThermoSpray 
facings not only ere highly corrosion resistant, but 
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are also highly resistant to abrasion encountered in 
such service. The plungers range in size from 1 to 6 
inches in diameter, 10 to 30 inches in length. Metco 
ThermoSpray Powder 15C or i6C is generally used 
on this type of part. 


Dry ‘‘Fluid’’ Drive 

Dodge Manufacturing Company produces a unique 
dry “fluid” drive called Flexidyne. Instezd of the 
usual fluid this device uses steel shot, which provides 


Flexidyne rotors after being hard-surfaced by the ThermoSpray 
Process. 


a number of advantages, one of which is 100% éffici- 
ency under full ioad speed. Heart of the drive is the 
rotorblade which must take a great deal of punish- 
ment from the steel shot. Before using ThermoSpray 


DENSITY OF CERAMIC COATINGS 


ThermoSpray 


Coating . tt. 
thaterial Em/ "Sounds 


ThermoSpray Uelting 
tings Point 


Two Metco ThermoSpray guns coating Flexidyne rotor blade. Though 
operator is shown with his hands on the gun they are actually 
mounted on a special fixture. Blade is rotated as coating is 
applied. Material is fed from hoppers suspended above. 


the company was paying $1.30 a pound for steel of 
sufficient hardness to resist the shot abrasion. This™ 
steel had to be worked hot and then annealed. With 
the ThermoSpray process and a self-fluxing alloy 


HOT HARDNESS 
Rockwell C equivalent ThermoSpray 15C and 16C. 


HARONESS - ROCKWELL C 


620 1900 1200 
TEMPERATURE -F° 


Thermal Thermat 
Conductivity Expansion 


Gray 
White 


Tan- 
Yellow 


Very Good 
Very Good 


Very Good 


19 BTU/hr/sq ft/in 
/°F at 1000-2000°F 
19 BTU/hr/sq ft/in 
/°F at 1000-2000°F 
8 BTU/hr/sq ft/in 
/°F at 1000-2000-F 


4.1 x 10-5/°F 
70*-2700°F 
4.1 x 10-6/°F 
70°-2700°F 
5.4 x 10-8/°F 
70°-2250°F 
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Other recommended applications for 
Self-Fiuxing ThermoSpray Powders 


containing a large percentage of tungsten carbide the naga z 12. 15C. 16¢ 
company now deposits a “‘shot resistant” hard sur- Mame di an i 60320 
face on a steel obtainable at only 7 cents a pound. Pulverizing equipment parts 
which is softer and more shock-resistant. Glass molds 
Heat treating rolls, etc. 
Oil well pump plungers, polisher rods, etc. 
Paper core winding mandrels 
; Pump sleeves 
‘ait . ‘; Conveyor screws, bezring housings 
miscellaneous physical properties Stee! mil roller guide boxes 
A falve plugs 
Fused coatings Plug gages 
Although these alloys melt at approximately 1900°F. Farm implement parts 
they retain a relatively high degree of hardness at st pose blades 
temperatures close to their melting points. This Sizing mandrels 
property combined with high resistance to oxidation vse wheel molds, plungers 
: iesei engine valves, stems 
and erosion make ThermoSpray 15C and 16C very Valve stems 
useful cm mechanical components subject to high Extrusion rams 


operating temperatures. oo 


Tensile Strength 
Tensile strength of ThermoSpray 12C, 15C, 16C, 17F 
are between 65,000 and 75,000 psi. 


Other recommended applications for 
Tungsten Carbide ThermoSpray Powders 


Part: 


: Pulverizing equipment paris 
Ceramic coatings—Hardness Sacer aon tense. 


The hardness of grains of alumina (AleO3) and Buffing fixtures 
zirconia (Zr Oz) is well known. But the “hardness” nthe pilots 
of sprayed coatings of these materials varies a great ~. Farm implement parts 
deal with different spray techniques. For “soft” Mixer blades 
= : : : Extrusion mandreis 
coatings, traverse speed, powder feed rate, and dis- Abrasive wheel molds, plungers 
tance from nozzle to work are kept at a maximum and Wire drawing capstans 
work temperature at a minimum. Opposite factors 
produce “hard” coatings. The former are more porous 
than the latter, therefore capable of more flexure and 
are much more resistant to failure by thermal shock. Other recommended applications for 
Ceramic ThermoSpray Powders 


The unique characteristics of high melting-point Nose Cones 


refractory materials such as zirconia and alumina has Pump plungers 
id te 6 idevabie i ys a th 1 Dental crucibles 
o considerable interest in tueir use as therma Graphite crucibles 


barriers, for wear-resistance, and corrosion-resis- Heat treating equipment 


tance to highly reactive materials. Such applications Fegen, bape 

have included the protection of jet-starter housings Missile parts 

during the high-temperature starting cycle and Pump sleeves, face plates 
rocket engine mounting rings for protecticn during ial weg aaa wees 
blast-off. Their excellent corrosion-resistance has led Seal rings 


any icati Trays, boats, etc., for sintering 
to mans appplications on pump rods, plungers and Calline tounes, fame Sroome necstes 
seals, particularly in the chemical industry. Lapping ptates 
Permanent mold facings 
Gatvanizing kettles 


101 
101, 105, 201 
101, 201 

Gas turbine parts 101, 105, 291 
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Malting 
Materials Point Fe 
Aluminum Oxide 3772 
Calcium Zirconate 4253 
Chromium 3430 


The Metco Plasma Flame Spray Gun utilizes an 
electric are contained within a water-cooled jacket. 
An inert gas, p ssed through the arc, is “excited” to 
temperatures up to 30,000° F. The plasma of ionized : : 
gas issuing from the torch resembles an open oxy- Chromium Carbide 3434 
acetylene flame in shape and appearance. Ceric Oxide (approx.) 4712 
The Metco Plasma Flame Gun operates on inexpen- Cobalt 

sive polyatomic gases, with high electrical power Cobalt-Zirconia (blend) 

conversion efficiency and long component life. Con- Magnesium Zirconate 

tinuous hot gas streams can be generated for costs Molybdenum 

of 1/3 to 1/2 that of an oxygen-fuel gas flame of Nickel 

equivalent heat output. In some applications closed- Nickel-Alumina (blend) 2650-3772 
circuit systems can be arranged permitting recovery Titania-Alumina (blend) 3344-3772 
and re-use of high percentages of the gases sprayed. Titanium Oxide 3344 
Attendant advantages are long component life, push- Tungsten 6170 
button operation and elimination of flashback and Tungsten Carbides - 198 


explosion problems. tee : ea 

P : P : Zirconium Oxide (stabilized) 4712 
materials that can be sprayed Zirconium Silicate (approx) 4388 
The materials listed on the right and mixtures there- 
of have been sprayed with the standard apparatus 
on various shaped objects and mandrels: Gas iet sal Gee in 
Alucaieum mandrel, machined to 
exact contour of throat wet 
flame sprayed with zirconia. 


draphite missile thrust insert is 
Mass coated with tungsten, .125 
seh thick. 


Telstar shell is plasma flame coated 
with aluminum oxide. Coating will 
reflect or revadiate energy better 
than most materials, thus help keep 
the satellite from over heating. 


Outer layer of nickel applied end 
mandrei leached out with acid. 
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Physical and metallurgical properties of the coatings 
are generally superior to conventional flame-sprayed 
coatings. These include reduced porosity, improved 
bond and tensile strengths, less oxide content in the 
case of metal and high density. Coating densities run 
up to 98% of theoretical and are easily controlled. 
These factors will undoubtedly widen the industrial 
use of plasma sprayed coatings. For example, pure 
tungsten and tungsten carbide can be applied to 
almost any base material with densities of about 95%. 


cther materials that can be sprayed 


In general most inorganic materials that can be 
melted without decomposition can be applied. Others 
now in development work include—tantalum, palla- 
dium, platinum, zirconium diboride; columbium, 


floor space requirements for typical 
research department instaliation 


2-0" CLEARANCE 


8-10 1/8" HIGH 


2-0°% 2-0" 
@- 0" HIGH 


co Co oc 
K 2P 2MP 


Wire Metallizing Machine Plasma Flame Power Supply Unit 
ThermoSpray Powder Gun Safety Unit (gloves etc. not shown) 
Plasma Flame Spray Gun Viater Wash Spray Booth 
Plasma Flame Control Unit Acetylene 
Plasma Fiame Heat Exchange Unit Hydrogen Supply 
Poader Feed Unit N Nitrogen Supply 

O Oxygen 


handocok 

A comprchensive 320-page volume covers all phases 
of modern metal and ceramic spraying (except the 
new Plasma Flame Process.) Over 150 diagrams, 
photos, charts and tables. An invaluable reference 
for anyone concerned with metalworking 

Price $5.00 clothbound. 


hafnium. vanadium carbides and refractory borides 
of hafnium and cerium. 


applications 

The very great range of operating temperatures that 
can be produced, the variety of materials that can 
be sprayed, and the basic economies of the process 
would seem to limit possible applications only to the 
imagination of the designer and research develop- 
ment engineer. Applications already used include he 
spraying of rocket nozzles and nose cones and other 
parts subject to extreme thermal conditions. such as 
crucibles for high melting point materials. In the 
electronic industry parts for large vacuum tubes have 
been successfully coated and in the chemical field 
considerable work has been done with catalytic as 
well as protective coatings. 


further information 

The following specialized bulletins are available and will 
be made on request. 

Bulletin 51—General round-up of more than two dozen 


typical maintenance applications with photographs and 
complete data. 8 pp. 


Bulletin 93—On sprayed metal/paint systems for long 
term (10-50 years) corrosion protection. 


Bulletin 142—Describes the Type MB Plasma Flame Spray 
Gun and how it works. Also lists applications and materials 
that can be sprayed. 8 pp. 


Reprint 142—Metallizing and its Application in Aircraft Gas- 
Turbine Components—a most informative article by Donald 
E. Hacker of The General Electric Co. It is a reprint from 
the WELDING JOURNAL. 


Reprint 144—An article reprinted from INDUSTRIAL 
LABORATORIES “Coatings Boost Meta!s Into High Heat 
Ranges” by John Long, Director of Research, Solar Aircraft 
Co. 6 pp. 


Bulietin 153—The ThermoSpray powder process for apply- 
ing nickel-chromium hardfacing alloys. tungsten carbides, 
METCO 404 nickel aiuminide, alumina, zirconia, stainless 
steel and other materials. 8 pp. 


engineering assistance 

In general it is recommended that due to the special 
circumstances surrounding any particular applica- 
tion, experimental work be carried out since both 
design data and actual production line operations will 
vary considerably. Metco and its engineering staff 
stand ready to assist you in such work as well as 
provide any available additional information that is 
desired. 


You are cordially invited to visit Metco’s modern 
plant at Westbury, Long Island, to discuss your 
problems with our personnel, or if you prefer, we will 
arrange to have a field engineer address group meet- 
ings of interested individuals at your own plant 
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you could provide me with the most information as 
to the composition and form of these materials and 
their development, is that correct? 


A To some extent, perhaps. 


Q Do you know of anyone who might have more v 


information concerning these materials or their 
dito: 

A Probably not. 

Q Let*s get to the material called 
ExoTex. That has a number designation also. 

A - 29904. 

Q When did Eutectic first start marketing 
this material, to your knowledge? 

A I don’t remember. . 

Q I hand you a copy of Defendant's Exhibit 3 
and I will ask you if this might refresh your 
recollection as to the period of time that Eutectic 
might have first started manufacturing and selling the 
ExoTex type material. | 

Yes. 
What is the date oe that letter? 
July 10, 1970. 
Q From that letter, can you give me a date 


how much earlier they might have first sold it? 


Quaas 
No, I can't. 
You have no recollection? 


No. 


Was it roughly within this time period? 


I would say so. 

Within a month or so? 

Well, I am not sure of that. 
Two months? 


I don't know. 


eo » CO Y 82 FP 2 S 2 FF 


What isyour best estimate of the earliest 
period prior to this letter? 

A At the most, I would say six months. 

Q The ExoTex 29904, as sold by Eutectic, 
was that material sold prior to the commencement of this 
lawsuit? 

A Yes. 

Q And it is being presently sold? 
Yes. 


Is this material a thermo spiay or fame spray 


It's a flame spray consumable. 
Powder? 


Yes. 


Do the particles have a nickel core? 


A Yes, sir. 
4 Q Do they have a coating on that core? 
4 A Yes, sir. 
5 Q Is that coating a coating of icles 
8 A Yes, sir. : 
Q Bound to the core by a binder? 


Yes, sir. 
Can you tell me approximately what the 
particle size or particle size range of the nickel core 


is? 


eves 
42 A I would say minus 140 mesh, minus 325. 


ie Q In other words, it will all pass through 


14 =a 140 mesh screen? 


5 A No, I didn't say that. There can be a 


above the 140 screen. 


few percent 


7 Q And that's substantially pure nickel, 


18 =the core? 
; 19 A Yes. 
20 Q What type of coating material, pure 
21° aluminum? 
a2 A Yes, sir. 
23 Q Aluminum powder? 
” A Yes, sir. 
35 Q What is the particle size of the aluminum? 


Quaas 
I don't know. 
Very fine? 
Very fine. 
Minus 325 mesh? 
I wouldn't guess. 


Could you determine that for me and let 


Sure. 

Would you supoly that? 

Yes. : 

What type of binder do you use? 


As I recall, it's a resin. 


Do you have any idea of the composition ? 


No. 
KAPRAIOS: This is under the protective 

order. 

MR. CALIMAFDE: Is this confidential? 

MR. KAPRALOS: The binder is definitely. 

MR. SPRUNG: When you get the deposition, 
you can mark that. 

MR. CALIMAFDE: Are you about to disclose 
the nature of the binder? 

THE WITNESS: No. 


Would you find out what the nature of the 


HPpa 
binder was? 

A How do you want this description? 

Q If you would say something like phenolic 
varnish, that would be-- 

A All right. 

Q Is it a phenolic varnish? 

A I am not sure. 

Q In making this powder do they disperse 
the fine aluminum in the binder and then coat the 
nickel particles? 

MR. CALIMAFDE: Is that confidential 
information? - 

THE WITNESS: I think so. 

MR. SPRUNG: Off the record. 

(Discussion off the record.) 

MR. CALIMAFDE: The record should be 
clear the information you are about to obtain from 
the witness is considered confidential and comes | 
within the scope of the protective order. 

A The product can be manufactured two ways. 

Q I am asking you how it is manufactured 


presently. 


A I said two ways. 


Q It is presently manufactured two ways? 


E1077 
Quaas 

A One, yes, the aluminum powder is 
introduced into a slurry. The second way is to 
introduce the aluminum powder separately from the 
slurry. 

Q Let's go to the first. you sort of 
make an aluminum paint so to speak of the varnish? 

A Yes. 

Q And then coat the nickel particles 
with it? 

A Yes. 

Q And the second way? 

A The second way, the mixing operation is 
performed in a different type of mixer, and under 
those circumstances, the aluminum is added to a 
nickel powder slurry, pre-mix. 

Q In other words, in the first method you 
put the aluminum in a binder, make sort of a paint and 
put it on the nickel? 


A Yes. 


Q In the second, you mix the nickel powder with 


the binder and add-- 
A Correct. 
Q- But in each case you wind up with a nickel 


core coated with an aluminum—- 
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& A Bound aluminum powder. 
3 - Q About how much percent aluminum as 


compared to the nickel? 


5 A Five, by weight. 


6 Q About five percent by weight. Could you — 


briefly tell us historically how Eutectic came about 


to develop this powder, 29904 powder? 
8 A We ann in our presence an individual who 
took it upon himself, while, I believe I was in 
Europe, or some other God-forsaken place, to assign 


this to an employee of ovr company, from a project 


point of view. 


M4 Q Would you further explain who the individual 


16 A Mr. Kapralos. 


ner 
s 
Le) 


About what time did he do this? 


18 A I can't remember the exact date. 

19 Q Did he discuss it with you ahead of time? 
20 A No. 

al Q This ExoTex 29904, is intended for 

ae use in a flame spray process, is that correct? 

3 A Correct. 

a Q In that process you feed the powder into 
2% a flame spray gun? 


A True. 

Q And you heat it up, it is meltdéd or 
heat softened and you project it on a surface to be 
coated? 

A Correct. 

Q Say it's a metal surface, steel surface 
or a shaft, do the individual particles bond tothe 
surface? 

A Yes, sir. 

Q What kind of bond do they form, a metal- 


lurgical bond, like a little spot weld? 


A There is a micro bond phenomenon that 


occurs, articteéd-at-the-sibstrate. 

Q Is there an exothermic reaction when this 
material is sprayed? 

A Yes. 


And that developes heat, aiding in the 


Yes, sir, similar to a thermit reaction. 

Exothermic reaction? 

MR. CALINATDE: I think the witness said 
similar to a thermit reaction and you said exothermic 
reaction. 


Q Is it an exothermic reaction? 


Yes. 


MR. KAPRALOS: He said -- 


. MR. SPRUNG: Would you let one attorney 


$ please conduct this examination. You had your 


opportunity, Mr. Kapralos. 


Q So there is an exothermic reaction as the 


. material is sprayed, generates heat and it aids in 
bonding to the surface? 


A Yes. 


18 


18 


Q 


Are you familiar with the flame spray 


process, in general, what is known as flame spraying? 


MR. CALIMAFDE: As of now? 

MR. SPRUNG: Yes. 
A Generally. 
Q Would you describe what that process is? 
A It is the application of, usually, powder 


type consumables that are fed, ultimately, into a 
flame which naturally imparts heat to the powder 
consumable during it's transfer from the, let's say, 
ak 4 of torch to a given substrate. 


Q . Are you familiar with flame spraying of 


wires or rods? 
A To some extent, yes. 


Q And in each of those processes, the 


+e 


Correct. 

And that was back in ‘53? 

tn °S2 ox ‘33. 

Prom that time on, up until the time 
you started wrking on the predecessor of the 
ExoTex 29904, you did no further work in this field? 

A That's correct. 

Q Do you know what instigated you to start 
work on the Exothermic materials? 

A Mr. Kapralos. 

Q Did he ever discuss the project with you 
or why he wanted to do this? 

A No, sir. 

Q Were you familiar with any commercial 
products sold by anyone at the time this product-- 

A Not at that time, no. 

Q You had no knowledge? 

A No. 

Q Other than the nickel aluminum composites, 
exothermic composites, do you hnow of any other self- 
bonding material in the flame spray field? 

A Moly. 

Q When you say moly, do you mean 


molybdenum? 


* #4 
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MR. SPRUNG: We are going to reach a point 
where I am going to have to move for answers. 
Q Have you been apprised of what has been 
going on in this suit? 
A Superficially. 
Q Just superficially? 
Yes. 
Have you been sent regular reports? 
A No. 
Q Has your advice been asked on any of the 
technical matters? 


A No. 


Q Would you briefly tell me the present 


organizational set-up at Eutectic, who is in charge, 
the various departments and who reports to who? 

A We have three divisions within a world-wide 
organization. One is international, one is European-- 

Q Would you give us the names? 

A One is North America, which includes the 
U.S.A. and Canada. At the head of the North America 
Division is Mr. Paul Albright, who is president, and 
he has reporting to him a marketing head, technical 
head and control area head, fiscal. Piscal is 


Mr. Starkowsky, technical is myself and marketing is 


This is the U.S. Sutectic Corppration? 
This is North America Division. 
Q Of EButectic who are the plaintiff in this 

action? 
I believe so. 
Who is head of the whole organization? 
We have a chairman, Mr. Frank Glaser. 
Where is he loceced? 
He is located in Plushing. 


Q Do you have ary other divisions besides the 


North American Division? 


A The European Division whois headed by 
their president, Mr. Gigon. 

Q Is that under the name Eutectic also? 

A No, I believe it's under the name Castolin. 

Q What is the relationship between Castolin 
and Eutectic? 

A Castolin is the name, the traderame that 
has been applicable for the European Division for 
God knows how many years, ever since I have been with 
the company. 

Q But it is all one company? 


A The ownership and details such as that, 
am not aware of. 


4 
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the test sample. 
. Were any det. mental effects noted vy 
adding tha Lead chromate to the powder? a 
Not i= wy knewledge. 


A 

Q Any increasing fuming? 

A I can’t answer that question. 
Q 


How did the DuroTec development come 


A What the hell is DuroTec? 
MR. SPRUNG: Off he caneed. 
(Discussion off the record.) 

Q Gan poo teil ve wed Gecomen 19010 442 


A I believe it's a nickel base allo, 


_ containing nickel beee, silicon 1, boron, self fluxing, 
2 


naturally, and I think the product consists of 90 
percent wf that item and ter. percent of the 29904 
material. 


Q In other words, it is a physical mixture of 


@nvention:. type self fluxing nickel base alloy powder 


with the GxoeTec 929904 powder? 


~A Right. 


Q What is the purpose of _adaing tha ExoTr:: 


29904 to the self fluxing ‘hickel ‘tine — powder? 


A To afford eetoun ‘pond, as sprayed. 


* Se x 
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exothermic: bonding materials ——~ percent that 
you sell are Xuper Bond and 25 percent the ExoTex? 

A Yes, 29904. 

Q Are there any applications on which _ ae 
you can't use the Xuper Bond but can use the xotex? 

A Not to my knowledge. 

Q In other words, they are equivalent? 

A Yes, except that the Xuper Bond provides 
the higher strength levels.. 

Q And is yellow? 

A By the time you get through with it it is 
yellowish green. 

Q I am handing you a document which 
previously has been marked as Defendant's Exhibit 14 
and it is dated 1-8-70. Can you identify that 
‘document or tell us anything concerning its subject 


matter? 


. 
A I can't. These identifications do not at .. 


all ring a bell. 
Q You have no idea what Spram Pre Bond 
powders are? 2 
a. 
Q ‘1 hand you Defendant's Exhibit 16 for 


identification. Does that refresh your recollection 
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concerning Spram Pre Bond powders? 
6. A I am sorry, but these are not identified 2 
’ and I don't remember “Ynat they nee: and particularly 
$ in view of the fact I see they were compared to 404-- - 
. Q It does indicate -hat the tests were | 
' requested a however? 

f 


8 rN sure. 


7 Q I hand you Defendant's Exhibit 15 for 


identification. 
A Now they are identified, nickel oxide 


aluminum combinations. 
” Q Does that refresh your recollection as 


5 to any work done on nickel oxide aluminum . powder 


samples? 
i A Apparently yes. I have to say yes. 
" Q Will you tell us what you recall about 


" this type of powder? 
A I ao < vemember how it was made up but - 


= apparently the two raw materials involved are 
= nickel oxide, which I assume is in powder form and, 


naturally, the aluminum powder. 


powlars and testing them? 


22 

- Q Do you recall the purpose of making these 
s 

- A I would imagine, to evaluate whether these 


E1087 
HPpa Quaas 81 
types of materials would be satisfactory for spray 
purposes. ’ 
Q Why were you comparing it with Metco 4042 S 
A I can‘t say. ; 
Q You have no recollection of any attempt 
to find something that was equivalent to Metco 404? 
MR. CALIMAFDE: I don‘t like your use 
of the word equivalent. That has a legal connotation 
as well as a lay connotation. 


Q To be competitive with Metco 404. 


A I would say it would be maybe in the ball 


park. When you say competative, I am thinking of 


pricing as well. 

Q What is the purpose,to find a bonding 
powder which Eutectic could market for bonding 
purposes, the same way that Metco marketed the 404 
powder? 

A Yes. 


And do you know why nickel oxides were 


A The only thing I can recall on the nickel 
oxide, I believe that it was explored as a source of 
nickel in melting, and atomizing nickel baze alloy 
powders. 
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Q Do you have any recollection of work done 
at Eutectic in an attempt to use an oxide for the 
reaction with the aluminum, rather than nickel, 
in order to avoid Metoo'’s patents? 

A Nickel titaniun. 

Q What was that? 

A I remember a powder of that type being 
test evaluated. 

Q In order to avoid the nickel aluminum of 
Metco‘ s-~ 


A I wouldn't say that. I think it was out 


of sheer curiosity, technical curiosity. 


Q Do you recall any work being done at 
Metco in an attempt to find the material which would 
avoid Metco‘s-- 

A Being done at Metco? 

Q Being done at Eutectic to find the 
material in order to avoid Metco’s patent on an 
aluminum intermetallic reaction? 

A No. 

Q I refer to Defendant's Exhibit 20 for 
identification, and I will ask you to read that 
document to see if it refreshes your recollection. 


MR. CALIMAFDE: I don't see any reference 
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in that to the patent at ail. 


MR. SPRUNG: I am asking..him if it 


refreshes his recollection. 


Q 


A 


I would refer to the-- 


This is in line with a project Kapralos 


lodged with Yurasko. 


Q 


Q 


I refer you to the last paragraph. 
MR. CALIMAPDE: The word, “Claimed.” 
MR. SPRUNG: Yes. 


I am asking you if that refreshes your 


recollection as to any work was done at Eutectic in 


an attempt to avoid Metco’s patents. 


A 


Q 


the record. 


It indicates that. 
Would you refer to the next page also. 


MR. CALIMAPDE: You say this document indicates 


THE WITNESS: Yes. He says, "In place of." 


MR. CALIMAFDE: He is talking about patent. = 


MR. SPRUNG: Will you ne~ coach the witness. 


CALIMAFDE: There is 5 point in confusing 
SPRUNG: We are not confusing the 


received a copy of Defendant's Exhibit 207 
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A Yes. 

Q It is your understanding that the final 
objective as set forth in the last sentence on 
page one stating, “Final objective, indicative of 
samples 160-3 and 160-10 is to coat the nickel base : 
powder, regardless of chemistry, with an oxide layer 
to react with aluminum via the aluminothermic 
reaction, as indicated below, in place of the pure 
intermetallic reaction as claimed by Metco.” 

Was it your understanding they were 

trying to develop a powder that would have the 
oxide atienisen in place of the intermetallic reaction 
claimed by Metco in its patents? : 

A I can't answer that. I don't know what 
160-3 was. 


Q I hand you Defendant's Exhibit 2 and refer 


to the sample number whth indicates a nickel oxide core 


material. 

A I would say yes. 

Q Do youlmow if you were successful at 
Eutectic in developing a powder in which nn 
oxide core or a nickel core with an oxide layer was 


coateaé with an aluminum to provide an aluminum nickel 


oxide reaction? 


Quaas 
I do not. 
Does Eutectic make any such powder? 
No. 
MR. SPRUNG: I refer to document 50154, 
which I will ask the reporter to mark. 
(Defendant's Exhibit 56 marked for 

identification, a document 50154.) 

Q Was that written by you, Mr. Quass, 
on April 16, 1970? 

A That's correct. 

Q And did it refer to the previous exhibit, 
which we have just discussed, Exhibit 20? 

A Apparently this letter is based on that 
report. 

Q When you say, "I make reference to your 
letter of April 15th," were you referring to the 
report of April 15th, Defendant's Exhibit 20? 

A I can't answer that. Usually I will make 
reference to a test evaluation report and not a 


letter. 


Q Would you check your files and see if there 


is any letter? 
A Yes. 


Q Was the subject matter you were referring 


RR 
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successful in this lawsuit, then we will tell you. 
Q Who is Dr. C. Yuilleumier? 
A I would cali him technical director of 
Castolin, located in Lasern, Switzerland. 
Q Did you at Eutectic demonstrate your 
RotoTec process? 
In the field you mean? 
Yes. 
Yes. 
When you demonstrate it, you take the 
| BxoTex 29904 or the Xuper Bond, and flame spray it? 
Yes. 
On a surface? 
Yes, sir. 
Q And that involves passing the powder 
through a heating zone of a flame spray gun until 


it is melted or heat softened? 


A Heat zone outside the spray gun. 


Q The flame of the gun? 

A Yes. You said through the gun. No, we 
don't do that. It doesn’t pass through the gun. 

Q I understand what you are saying. I 
apologize. The powder is sprayed, using the gun, 


and it is passed through the heating zone formed by 
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the gun, it is heated up, an exothermic reaction occurs 
and it is projected on a substrate where it forms a 
bond coat, is that correct? : 

A Yes, sir. 

Q And Eutectic practices that process and 
demonstrates it? 

Yes, sir. 
What is the R.W. Torch? 
The European version of the RotoTec Torch. 
What is 4.T.U. in Munich? 
I have no idea. 
I hand you Defendant's Exhibic 48 and 
ask you if that gives you any indication? 

A It says here it's a licensee of G.E., 

tut I don't know the organization at all. 

Q Who is Professor Doctor Knotek and 
Mr. H. Steine? 

A Steine is a metallurgist at Castolin, 
and Doctor Professor Otto Knotek is now a top 
professor at the Aachen University in Germany. 

Q At the Technical University in Aachen? 


Yes. 


A 
Q Has he any connection with Castolin? 
A 


At the present time, I am not positive. 


XX 
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Q Have you? 
A On ExoTex? 
Q Yes. I assume Xuper Bond is an ExoTex 


with an additive. 

A Right. 

Q Other than the coloring materials, did you 
try any other additives with ExoTex type materials? 

A I believe so, but I can’t recall what 
they were. I can state that they presumably would be 
4n the same category as the lead chromate. In other 


words, they would be oxides that were conducive to 


providing additional oxygen in the flame. I think 
moly oxide was tried. I don‘t remember anything more 
than that. 

Q Are there any experimental reports which 
indicate testa made with ExoTex materials containing 
any additives other than the dyes which you have 
produced? 

A I think not. ak was a formal project 
and under the circumstances there would be a report 
issued, a test report, which was the case. 

Q So you have no other tests or reports in 


which Exofex type material was sprayed and any in 


which additives were— 


+t % 
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which I will ask the reporter to mark. 
(Document 50049 marked Defe dant 's 
Exhibit 72 for identification.) 

Can you identify that document? 

Yes, sir. 

What is it? 

This is a communication from Mr. Patel 
to myself indicating that the Xuper Bond product does 
net comply with the 1337 spec. 

Qa That's the Pratt & Whitney spec? 
A Yes. 
“ Q 38 that refresh your recollection whether 
the Exofex .ces meet the Pratt & Whitney spec? 
A I think it might, chemistry-wise, yes. 

MR. CALIMAFDE: That question was not 
asked. 

A (Continuing) Prom our point of view, I 
would say yes. 

Q But the Xuper Bond does not because the 
spec has a certain limit on impurity content. 

A Correct. 


Q You testified, I believe, that Xuper Bond 


contained approximately one and a half percent of the 


lead chromate. 
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point? 


A They became more involved when Mr. Marden re= 


located to California. I was put in charge of the 


laboratory. 

Q About what time was that? 

A Probably in ‘51. 

Q From 's9 through ‘51 yur duties va: sone 
much the same? 

A They became more involved on a daily basis 
essentially because I was gaining product knowledge, 
you might say, in this particular area. In this par 
ticular area we were required to know everything about 
every product, obviously, since we had to test the 
product before it was packaged and sent to the customer, 
and it was a learning period, you might say, wherein 
different categories of products were individually 
studied by me, and I did most of this at home. 

Q And how long did you stay connected with this 
testing aspect or testing lab? 

A tT am still doing it. 

Q You are still with that -~ you are still doing 
that now? 

A Yes, essentially. In other words, through 


the years I became supervisor of the welding laboratory, 
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manager ot Technical Services and my present title 
is director of Technical Se>vices, and has been for: - 


a few years. 


Director of Technical Services? 


Yes. 


You are a manager of that department , then? 
j 


Q 

A 

Q 

A Yes. { 

Q What do your present duties involve? 
A 


Essentially, I represent the source for 


_ produc. information. If a customer or a salesman or 


an employee or any individual, essentially, wants in- 
formation about our product, I supply it. We, in 30 
doing, become involved in development of products, we 


become involved in competitive products, we become in- 


volved in American Welding Society activities, we 


become involved in anything and everything to do with 
welding products. In other words, Technical Services 
is a service arm of the organization that provides 
specific knowledge to whoever is asking for this in- 
f ormation. 

The Quality Control Section still reports to 


me. 


Q . When a new product is developed, do you become 


involved in it at any point? 
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A ‘Yes, we become involved in the actual testing 
of it. The R & D people supply samples of potential 


new products to me, and I assign them to the proper: 


laboratory or the proper technician, and the product 


is tested and evaluated, and I render opinion on i 


since I have done this work myself and still do. 

Q Now, is part of your duties to be familiar 
with competitive products? 

A Absolutely. 

Q Was that always so or did that evolve at some 
period of time? 

A 4 would say it was almost always part. It's 
not -- I shouldn't say it's not official, but rather 
to me it's just a purely logical thing *o do. po ee 
am working on a product or if one of our salesmen asks 
about a competitor product, I have to be in a position 
to know something about it. 

Q How do you familiarize yourself with these © 
competitive products? 

MR. CALIMAFDE: Do you want the question 
that broad or do you want to focus in on the issue? 

1.R. SPRUNG: I am talking right now, 
presently. 


A The procedure hasn't changed any. I read 
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2 everything I can get my hands on in the way of printed 


I subscribe to several technical magazines. 


material. 


I belong to different technical societies. I acquire ~ 


technical literature, you might say, and attend meet- 


ings and keep abreast that way. 
7 And whenever I see something advertised that 
I cannot identify, I purchase a sample of it, put it in 


a lab and test it. And that I have been doing for over 


20 years. 
ll Q So you pretty much followed that procedure since 
12 you were weaned at Alpine Trading Company? 
13 A Essentially. 

If you will excuse the expression. 
That's quite all right. . 


Do you keep a file on these competitive prod- 


18 A Yes. 


is Q No you xeep them by competitor product cr by 


type of product? 


A Actually, I have a Cardex and cross-indexing 


Q Are you familiar with Metco? 


20 
ai 
vd ; 
@ system. We use code numbers and, of course, names. 
23 
u“ A Yes. 
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The Metco products? 


Broderick 
Yes. 
When did you first become familiar with 
those prodecte? 

A Oh, I believe I studied the wire metallizing - 
system several years ago,and when I became interested 
in wire metallizing looking at Metco literature and 
Mogul literature, and, of course, some foreign com 
panies. 

Q Could you give us a point of time when you 
were first familiar with Metco as a company or with 
their former name which was the Metallizing Engineering 


‘ Company? - 


A TI would say in the '50's, early ‘50's. 


Q . Do you keep a file on the Metco or Metallizing 
Engineering Company products in your Cardex? 

A We keep a file on literature, the brochures 
that are sent out, whatever they send cit in response 
to one cf these reply cards. We keep some of it on 
file. Some of it we distribute to other areas. 

Q Do you keep your ances file on these products? 

A Well, these are pieces of literature I am 
talking about now. But we do keep a file on the 
actual products, too. 


Q And you have such a file, a Cardex file or 
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A Yes ° 


MR. CALIMAFDE: He has already said that. I 


was wondering why you went around it again. 

MR. SPRUNG: I want to Know if he is indi- 

cating the literature that he has gotten. 
A No. The Cardex files is not used for litera- 
ture. 
It's on the products that have been tested? 
Yes. 
Has that been produced to us? 
: z believe SO. 

MR. CALIMAFDE: You better wait until Gordon 
comes in. 

MR. SPRUNG: I am going to make a request now 
that -- I would think that would come under our request 
of anything concerning Metco's products. 

MR. CALIMAFDE: Yes, I would think so, but it 
may have been produced. I don't know. 

Q Do you know if these cards were produced to 
your attorneys? 

A I turmed then over to the girl who asked for 
them. I don'tknow exactly what she picked up, though. 


Everything was asked for. 


Re he Ke 
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A We developed the Eutalloy Process, a process 
wherein powder was injected into an oxi-fuel gas flame 
and deposited on to the heated work piece. 

Q What was your involvement in the development 
of this Eutalloy Process? 7 

A I worked on the torch itself, several embellish-| 
ments of the torch, the container in which the powder 
is packaged, since it is adapted to fit the torch. I | 
worked on some of the powder compositions and, of 
course, some of the actual applications, quite deeply ; 
involved in the. Eutalloy Process. | 

Q Do you have any knowledge of what instigated 
or motivated -- this was Eutectic at this time in 
the '50's? 

A Yes. 

Q -- to proceed and attempt to develop this 
type of product? 

A Well, we had experimented with so-called self- 
fluxing alloy rations systems where in a molten con- 
dition, a bond would be formed with the base metal 
without the use of an externally applied flux, and 
these are compositions that contain, for example, boron, 
nickel, alloys with boron, so forth and so on. 


We had worked with the basic system, the 
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inconel powder, adding boron to it, conducting little 
melts in a laboratory, and we had improvised shotting 
tower. In other uti I don't think there was mn 
moment in time where someone turned around and said, . 
"Let's get into this business,” but rather it evolved 
from a variety of other little products, and this is 
essentially how new products are developed. 

Q At the time that development started on this 
Eutalloy, wererft you -- when I say you, you person- 
ally and Eutectic, familiar with any competitive 
products? Weren't competitive at that time, but any 
third party products on the market? 


A Yes, we were familiar with products sold by 


Wall Colmonoy, by Coast Metals, and a few others. 


Q And these were nickel-base self-fluxing al- 
loys? 

A Some were, yes. 

Q ‘Were you familiar at that time with the term 
the sprayweld.’, process? 

A I don't think so. Not as sprayweld. Tf am 
not sure if I knew that term at that time. 

Q Do you know how Wall Colmonoy marketed their 
product, under what designation? 


A Not really. I know that the Nicrobraze 


E1105 
hegp Broderick 25 


Series is used primarily as preplaced alloys for furnace 
brazing. They were rather widely publicized then, and, 


of course, the American Welding Society brought out a 


specification on the nickel-brazing alloys about ‘that: | 


time. 

Q But, basically, these self-fluxing powders 
would be some way placed on a surface and then heated 
until their fusing temperature? 

A Yes. 

Q According to one process they could be placed 
on the surface by.spraying? 

A Yes, exactly. 

Q Do a know if it was general at that time 
whether the depositing of the materials and the fusing 
would be done as a single step or as 2 separate steps? 

A Essentially, the processes known at that time 
were 2 separate steps. The Eutalloy Procéss at that 
tine was the first process wherein simultaneous appli- '. 
cation and fusion occurred. 

Q Were you personally familiar at that time with 
these processes? 

A Yes. 

Q And were you familiar with the fact that when 


you heated these self-fluxing alloys you can visually 
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see when they were at about the right temperature? 


3 A Yes. 
8 Q Can you describe that phenomena to us? 
5 A If you apply a self-fluxing material to a 


6 higher melting work piece and heated the naterial 

7 it theoretically would melt in stages, assuming it had 
8 a plastic range and when the liquidus was sccieauibed 

g it would flow over the surface, obviously. There are 
ways of measuring this and testing the integrity of 

ll the bond that you get, 60 forth and so on. 

Q What did the material look like if it was 

13 first applied by spraying before it was fused? 

14 MR. CALIMAFDE: Why is this relevant? 


MR. SPRUNG: It is highly relevant. 


MR. CALIMAFDE: The issue in this case is 


so well defined. 


MR. SPRUNG: I am not going to argue on the 


19 issue. 


MR. CALIMAFDE: I don't want relevancy to be 


21 a criterion of the examination. 

” Now, I have been refraining from objections 
2 to questions which, in my opinion, were totally 

u irrelevant, in the hope that you would eventually focus 
25 in on the issues. 


te eH 
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MR. SPRUNG: You are not raising any con- 


tentions on difference with Xuper Bond with respect 
to bonding strength? 

MR. CALIMAFDE: Right. 

(Recess.) 

MR. SPRUNG: As based on plaintiffs' 
counsel's previous statements, we will not pursue the 
proprietary bond strength test that plaintiff wished 
to keep secret. 

MR. CALIMAFDE: Okay. 

(Time noted: 11:55 a.m.) 


(Luncheon recess.) 
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2 A TI believe so, yes. 


3 Q Did you evaluate the materials themselves, 


the Metco 404 and the Metco 450? 


A 


Yes. 


6 MR. GORDON: Which point of time, prior c 


to the development? 


Prior to the development. 


MR. SPRUNG: 


A I believe so. 


Q Of the Rototec. Prior to starting to 


work -- 
12 A In the normal course of testing competitive 


products as we evaluated the nickel titanite, ex- 


otherm and some other materials from abroad. This 


business of sampling and testing applies to other 


15 

18 countries as well as this country. 

yw Q@ Do you know if there were any reports 

18 available or written in Eutectic concerning the 
19 Metco 404 or 450 prior to the starting of work on 
20 the development of the Rototec? 

21 A 1 can't answer that. There may be. There 
2 may not be. I cannot report everything I do, and 
2 I shouldn't say it that way. 

~ : MR. GORDON: The question is: did you 
s have any reports at Eutectic at that tine? 


Rt 
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A Well, they are used for similar applications. 
They are used for similar applications. 
Q I would like to refer to Document 50138. 


A Okay. 


x 


. 


Q And ask you if you are at all familiar with | 
that document. 

MR. GORDON: Would you read it first? 
I have never seen it before. 
You are not familiar with that at all? 
No. 

Q It was never discussed with you by Mr. 
Joseph, Mr. Glaser or Mr. Quaas? 

A- This memo was not discussed. 

Q Going back to 8/11/66, do you recall any 
discussions or othermemoranda - at Eutectic concern- 
ing Metco's nickel-aluminide powders? 

MR. GORDON: I missed that last question. 


Before '66? 


MR. SPRUNG: At this time, at the date of 


this memo. 
A I don't recall anything specific. 
Q Who is Mr. Joseph? 
A At this time he was supervisor of R & PD 


at Eutectic. 


HEN 
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case we might recommend modifying the chemistry or 
making an additive or something. 

Q What I am trying to establish is, did you 
make any recommendations that you recall? As I under- 
stand it, you had nothing to do with the composition 
or particle size of 1-69A or 2-69A. 

A No, they were submitted to me for test. 

Q And as to the samples designated as 160-1 
through 160-6, they were submitted to you for test? 

A Yes. - 

Q And you had no part in recommending their 
composition? 


A Not at that time. 


Q When did you first start making sus,gestions 


as to particle size, composition or anything else 
concerning the composition, structure or form of the 
powders? 

A Probably be subsequent to Yourasco submitting 
the samples. In other words» we routinely test what 
is sent to us without concerning ourselves t20 much 
with the identify of what we are testing, 80 long as 
whoever submits the sample tells us what he wants to 
use as a comparitor, and after this progresses, we 


hold meetings and discuss it intimately. 
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Now, I had become aware about that time of 

Pratt Whitney 1337 specification. It was sent in to 
us by a salesman, and there was a composition essen- 
tially 5 aluminum, 95 nickel, and I believe a particle 
size distribution, and I made a suggestion to jos 
the aluminum. Instead of messing with high aluninum 
percentages, we should drop to this 4% to 5* or 6 i 
per cent range, whatever was called cut in the spec. 

Q De you have any idea about the date of this? 


No. 


A 
Q It was probably in the middle of 1970? 
A 


I would say so. Yes. 

Q Shortly after Yourasco submitted the first 
samples for testing? 

A Possibly, yes. 

Q Were you familiar with composition of Metco 
450 at that time? 

A Probably. I don't recall. 

Q Do you recall if it was the same as the Pratt 
Whitney spec? 

A The Pratt Whitney spec pees out a certain 
product. Now, whether that's the Metco jou or 
not, I didn't know. It does call for an aluminum 


range, and I believe it calls for a particle size 


* K€ 


py 


> 
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am curious to know about it. 
“MR. GORDON: I am allowing ‘you to answer that 
question. : 

A Thexs are powders manufactured by Eutectic 
that contain exothermic components other than a 
29904 and Xuper Bond. 

Q When you say “exothermic components; what do 
- mean? : 

A A constituent of the powder is exothermic. 

Q What I am interested in is any commercial 
powders marketed today by “wtectic which, when flame- 
sprayed, will undergo an exothermic reaction or any 


part of the powders, when. flame-sprayed, wiil undergo 


an ex thermic reaction. 


A With that definition the 19910 can be con- 
sidered as falling under that explanation, definition. 

Q Any others? 

A So far as others, I am not aware of any.. 


Q Are you familiar with the present composition 


_of Exotec 29904? 


Q Would you tell us what your understanding 


of that composition is? 


A It is essentially 95 per cent nickel and 5 


es 8 & 8B 


E1113 
hegp Broderick a57 


per cent aluminum. 

Q What is the form of the powder? 

A The form is composite agglomerate. 

O Are you familiar with the manner in which y 
this powder is manufactured at Eutectic? 

A No. 

Q You have no knowledge of that? 

A TI have meager knowledge. But no specific 
knowledge. 

Q Would you tell us your meager knowledge for 
the record? 

MR. GORDON : We regard that information as 
being confidential and choose not to allow the wit- 
ness to answer that question unless we work out again 
some protective order. 

MR. SPRUNG: You are under the protective 
order for that. 


MR. GORDON: I want to have certain informa- 


tion kept away from employees. 


MR. SPRUNG: You just don't arrvove that 
this information go to the employees. I can under- 
stand your objection if at this point you had con- 
sented to someone at Metco seeing this and you said, 


"Well. by: consent I don't want te extend to this 


a 
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and successfully sprayed coatings with the Spran torch 
without fusing. 
A Yes. 


~~. 


Q: Was any work being dome at Eutectic in omer i 
to develop or improve or perfect such 4 process? 

A Wes. » 

Q And thts was in the year now, point of tine? 

A In the Spram area. 

Q Can you give me & point of time? 

A - You see, it started when it tumed oct that 
first of all the Spram fusing operation was technique- 
sensitives and second of all, when tt was fod out 
thet there were some use: of the Spram application to 
spray ané not fuse ovt in the field, and that would have 
to be 1968, 1969, somewhere aromd there. You have to 
understand, this was one of many, many, many projects E 
was involved with. : 

XL am just trying to place the time as best as 
I cam. t could be off as much as a year. : 

Q Roughly arowmd 1968 or 1969, to the best of 
your recollection? : | 7 

A Yes. 

Q LI wmderstood thet you testified that you 


previously suggested introducing aluminum into the 


i etn 


adiinielincanaieestied eile dininihtibetdlannsneeememananedh 4 
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Eutalloy process to increase its heat. 
Yes. 
This was done? - 

mney told. ‘me they had already done that. : = 
Who told you they had already done it? | | o 


o > © P 


A- Well, you see, you have to mderstand thet, 
as I said, at these meetings we sat and we discussed & 
nunber of things, and 28 I saif, Frenk Glaser was | 
19 |4«PeBent, © MAT dom 't know as to whether or not you 

people have looked into Mr, Glaser's backgroud, but 
“r. Glaser — | 
| MR. CALIMAPDE: I din't hear a question 
asking Mr. Glaser'’s background. 
* Q «-XwitLask your If tt would be of my oa 
1g help in answering the question ould you describe Mr. 
7 «<Glaser's backgromé? é 
18 MR, CALIMAFPDEs Now I hear @ question. 
1° ‘. Mr. Glaser back in 1948 haf done criginak ~— 
w research in irickel-oluminide. In fact, if you look at 
21 some of the technical journals and technical publications, 
you still see literature with m asterisk at the = 


22 

2 vottom would say “Yrom the work done by Frank W.Glaser." 
u“ When we were in these meetings and Glaser 
25 


was involved, and mything came up on exothermic 
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yeactions, Glaser of course being an expert, alweyS. 
you mow, was fostering an approach along this areas 
and where I said —~ when I remember this, I remeaber 
I said, "r got a great idea," becawe I was new with | 
the company. I wes contributing something. I saidt 
2d4 aluminus. 8 


Q Add aluminusz specifcally to what? 


A To a nickel ~vasealloy, Butalloy. They told 


ME» ie have done this.” 

Q Did they say they did it commercially or 
experimentally? | , 

A Experimentally 

Q Did they andteate what was the result of 
this experiment? 

A _ Yes; that it added ~- there was an 
exothermic reaction. 

Q Dia that give the process any benefit? 

Did it indicate that? 

A They felt that it was an erea to be con- 
sidered. There were other areas of development of. 
Eutalloy, of various powers. It was a good process. 
They considered that it was mre urgent and therefore 
that was something that was going to be investigated 
later. 
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2 Q Were you able in your search of the files 


3 to find any documents that reflected this? 


4 A Thig was a discussion. As far as the work : 
was concerned? : 


Q 
..- A I don't thin: so. That's going back. I 


Yes. 


8 amt think so, But I might be wrong. It might be 


there in the docummts. 
Q Would you check? 


i A Yes. 


12 Q Now, was it discussed what form they were to 


13 «add to the aluminun? 

A Yes. ‘hey mechmically mixed it. 

Q What was the idea in adding the aluminun? 
16 A  o increase the heat output. 

Q In shat way would it increase the heat out- 


18 put? 
Be the formation of an _exothermic reaghion :_ 


With the nicole alloy» 


A 

Q With what? ~~ 

‘ 

Q Ih o . other words, you. felt thatthe aluminum : 


20 

2i 

2 

23 would react with the nickel in--- how-did you conceive 
u that such a reaction would take place? Do you know the 
2s 


chemistry of it? 
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A I just finished telling you that Glaser 
was there, and he was an expert in developing | nickel- — - 
aluminide from thebeginning, from 1948. So I would 
assume that he might just -- since he did the baste 
work on it -- might conceive that nickel and ‘aleminum — 


mixed would cause an exothermic reaction and increase 


the heat. 


“""q@ ~~ -X must have misunderstood. I thought that 

you had said that this was your original suggestion. 

A Yes. I said I suggested it, and they told me 
they had already done it. 

Q As. for your suggestion, what was scat idea 
how the alvetnws would react? 

A I felt that it would react in the same way 
that with my experimce with the thermit material. 

Q Do you know how a thermit matertal would | 
react? 

A Yes. 

i] How does a thermit -- 

A The aluminum redvces the oxide. Thermit 1s 
{ron oxide and aluminum, and aluminum reduces the 
oxifie, and there in heat given off. Oe 
Q You are fairly certain of that? 
A I am pretty sure. 
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. Q And that's what you had in mind? 

: A mina, ys. 

4 Q . What was the purpose of this heat? 

5 A ~ he I aia to you, one of the problems 


g or: the elimination that we had in the output of the 
7 Eutalloy torch was the amoumt of heat being put out. 


8 Q In other words, this was to mike the torch 
9 flame hotter? 


10 A Yes; thie w was to make the deposit hotter, 


Tennant ee egies Se 


11 «os produce more heat, more heat mergy. 


12 —~""Q “In @ process in which the coating as it was 


13 being deposited was being fused by the torch flame; 


14 «= Fight? 
15 A Yes. 
18 Q Was anything pursued on this suggestion after 


17 11t was made? 

18 A No, They told me -- ence I made the sugges-_ 
a 

i9 tio, T. wankseet that first they had tried it, and 


second I realized that there was a lot of expertise 


there in this area. But it was a project that, as I 


seid, was on the back burner, so to speak, because 


20 
21 
2 
ag there were other projects that were considered mre 
%«  inportant. 

ets 


Q Was a project on the back burner, in other 


E1121 
ct Kapralos 92 


words, they were considering resuming work on it? 

A It was an idea that wes -- that had merit 
to follow through, but there were other areas that were 
worked on. 


I think if you look at that period of time, 


there were a number of Eutelloy alloys developed 
‘for patents -~ where patents were received. There 
was sample work to keep. They weve doing research in 
an area where they felt it was something that had mre 
commercial valine, 

Q You said this suggestion was fairly soo 
after you arrived at Eutectic? 

Yes. 

Would the date be aromd '65? 

Yes, They told me they haé already dme it. 

Had they done it successfully? 

They had Zotten ahs but. they also had 
gotten some additional inclusions, as they felt that os 
it was something to work on. | 

Q Had they made & satisfactory coating by 
doing this at this tine? : 

A I think the wort “satisfactory” has, you 
mow, 1¢ has very broaé mening. 

From a Eutectic point of view, something 


ct Kapralos E1122 93 


satisfactory is something that is extremely easy to 
operate and not technique-sensitive and 50 om. fod I 
think they had gotten a workable coating. But they ; 
were not satisfied with it. 

Q What's the basis for your statement -- 

A Becawe they told me. 

Q Who told you? 

A Quaas. 

Q You said they had tried it, they got & good 
coating, but they are not working a it anymore? 

A They said they tried it, they got 4 deposit 
that's workable, and it is something to cosider for @ 
future pra uct. But that there were other products 
that were more important at the time that were being 
worked on. 

Q So they 44d nothing further on it? 

A No. 

ag During your period of time at Eutectic 78 
that project ever picked up? 


A What happened was this: -- 


Q I didnt hear your answer. 


A Yes. What happenea was this: In Jme, shortly 


thereafter, I think it was maybe 1966, work was begm on 
what we call the Eutallite products, and this {.volved 
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the agglomeration of alloys, products end fluxes and 


like materfals on the surface of a base powier. And 


this was a very interesting project. And in doing 


that work, I think it occurred to me and Quaas quite 
easily that we tried 8 whibae slew of systems. I 
think -- E don't Inow. That's where I leameéd ny ailege 
and how many alloys there were. Because we tried a 
whole agglomeration of a whole slew of systers. It 
was of course very easy, md this thing worked quite 
well. 

Q What? 

A The Entallite procees, the agglomerstion 
of fluxes and/or metallic porters on top of & powler 
core. 

Q As Im@erstood -—- and correct me if Iwas 
wrong — that your Evtallite processed involved the 
coating of fluxing materials on the surface of your 
alloy powers? 

A No. It was metals as well as fluring 
materials as well as cermet. 

Do you have any docummts reflecting -- 
Te research that was done® 
Yes3 on the Eutallite. 


Yes. 
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Q Could you produce those? 

A I adm't know. 

Q Let me ask you this: Is your testimny -- 
you were testifying as to the addition of aluminum to - 
Eutalloy alloys, and I sata what further work hed you | 
done on this, and now you are talking about -- 

A I am explaining to you that with the 
development of the Eutallite process where they 
agglomerate. 

Q In your Eutallite process and Eutallite 
system did, youagglomerate aluminum? 

A Yes, definitely. 


i Tat 's why I would like to see those dociw- 
ments. “and 1¢ became very obvious." 
You keep saying it became very obvious. 
You are talking to yourself? 
& I am answering you. 
Q When you say i® became obviow, are yor 
talking about to you? : 
A Yes. We realised of course 4t was_very 
simple to consid er agglomerating aluminum and nickel. 


” You are getting the same exothermic reaction. 


‘ That was your idea? 
A I wouldn't even consider if worthy of m 
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ffen. IB way a obvious fact. It was very simile. 

Q This was in 19 -—- 

A G7. tm “6S “67> Where this whole 
Evtallite program ane into effect. 7 boa: 

he 

Q Do you have any experimmtal data showing  - 
the agglomeretion of alumina om nickel? 

A I don’t imow. I would have to look. 

& Im ‘t the Rototec process the aczlomsret ion 


tt A LAO LT CT tr 


of alumin 1 num on nickel? ee 


a 


The proces: itself? 

Noy I mem the product, the consumable. 
Which? 

Your Initial bending mtertal. 

a 

Im"t this the agglomeration of elt. fnum on 
Yes. 

So woulin't in the request -for documents -~ _ 


Oty, You see, I mismderstood you. Once. 


we hed the Butaliite process it was pretty obvious to 


everyone that -~ 

Q When you say “everyone” — 

A To everyone at Eutectic’s revearch department, 
Quaas, myself, Glaser. Erofertck. <-- thet %% wuld be 


ila cere 
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MR, SPRUNG: You will have an opporsmity 


to cross-examine. 


< 


Q You said it was so obvious. . : 

A ‘Tt was obvious that 2f yeu take certain. 
materials incluiing nickel, aluminum, and put chem. °— 
together, you apply heat and you get an exothermic 
reaction. That's obvious. rf you ask me what causes 
the exothermic reaction -- 


+} Wby wes it obvious, because you Imew of 
Glaser's work of iutermetallic— 


& No, becate, humber one, I leamed it in 


metaliumay an college. — 
4 Let's get back. Dc you. recall the text-- 
A You diaén't iat me answer my question why 


it wes obvious. 

Q want to get one at a tine. 

A You said why was it obvious. TI have to 
newer you there were & nwher of resusone why 4t wes 
obv?cngs. 


a Yes. 
A . ne woulda be because it was Imow, it was 
imow in the publie inosleige. Nounber two, i¢ was — 


Q want to find cut where in the -- 


A Let me finish sy onewer. Number two, 1 was 
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ct 


obvious because we discussed it earlier that Glaser 


3 had done it. Number three, it was ottvious becawe a. 
4 had suggested thinking that the addition of alurinus 

5 would produce heat earlier, thinking of the thermit 

g experience, and they had explained to me that yess 1t - 
7 &ces produce heat, is an exothermic reaction, but it 


g is not the same kind of reaction as it is with 


g thernit. 

10 Q Who explained it to you? 

n A Quaas, Glaser, Broderick. 

12 Q They said it wasn't the same? 

13 A It. is not the same. 

4 Q Did they explain what reaction it wea that 


15 it produced? 


18 A Idam't recall. 
17 Q Did they mention intermetallic? 
18 A They mmtione@ what it was at the time. i am 


1g not versed well enough in it to explain it to you. 
a 20 X am not an expert in it. 
3 ‘i Q You do recali they said it was different 
: 2 then @ thermit? 
2a A Yes. Those were the reasons why it was obvious. 
a4 You can go to each one if you like. 
25 


Q Can you designate what materials in the public 
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domain, publication you are referring to? 

A I remember in college reading about that 
stuff in the library.Come on now. 

Q You do? 

A Of course. 
| Q Do you recall the textbooks, in other words, 
chat nickel as a metal and aluainum 2s & metal would 
|snterreact exothermically? 


A Of course. 


oo And that's the type of exothermic reaction 


§ 


| you were thinking of? 
ie 

9 At jeast your concept of doing this was to 
increase’ the heat in the Evialloy process? 

A Of doing whet, when, where, how? 

Q You were just saying that once you developed 
your Eutallite process it became obvious that you 
ghould take aluminum and agglomerate 4% with nickels — 
that was for increasing the heat. oo. 

A oe oe te ot ee 4n- 
volved in. Okay : — 

Now, once 1% became obvious, ‘4 wasn '¢ 
really a project that was ever a project of great 
i{uporstance, but i8 was something of interest. It was 


: a . 


Kapralos 
A (Continuing) Yes. 
Q You were solely in charge of its develop- 


ment? 


zt E 


A There was no charge. I assumed it. ; As I, : 


was going to mention to you before, Mr. Yourascos : 
who was our then metallurgist, and I were riding in 
the car one day, retuming from a trip we had taken. 

Q About what time? 

A 169, '70. Either late'69 or early ‘70. 
And I told Yourasco, "Why dm 't you take some nickel 
powier,” I think I told him, because re had nickel 
powder handy, Neng take some aluminum and use the 
Evtallite process and make some agglomerate particles 
similar to Butallite of aluminum and nickel. 

Gq Te Eutallite process, has that been describ: 
ed in any publication? 

A Possibly. I amnot sure. No, the product 
process would not. The Eutailite series of products 4+ 
were just in the Eutalloy process. ; : 

Q _D4a Mr. Joseph have anything to do with 
Eutallite? a 

A Yes. 

Q Was he the prinary developer of that? 


Yes. 


HEE. 


13 


4 


17 


18 
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not the only product I have done that with, inciéental- 
ly. ‘There were other products that I did the same 
thing with. 

Q This wes "your baby” so to speak? 

A It was interesting to me. 

Q Why was it interesting to you? 

A For a number of reasons. Number one, it 
was ms of 1m things I nad gotten’ into ah I haa 
gotten fn “iw company. Number two, I always had ths 
feeling that this aight be of interest to Entectic, 
end nuabe:’ three, because Glaser was involved with 
nickel-riuminide earlier. He was the boss. 

Q When you say "hickel-aluminide", you mean 
a councond between nickel end aluminum? — 

& Yes. He was involved in nicke}-aluminide 
researc: when nickel-aluminide first came into being, 
x guess. 


Q What Gd you expect when you told Yourssco 


to make this? : 

A _X. expected him to come up with a powier 
-n2% was manufactured similar to the Eotallite powier, : 
exactly the same as the Evtallite powler and with some 


modifications I expects4 te have a powier that we would 


take and test througs v2ifow torches. 


gk £ 8 RB 
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Q How did you expect this to perform? What 
did you expect of it, anything special? 

A fo perform? 

Q Yes. 

A Yes. I expected that there woul. be an ‘ 
exothermic reaction connected with it, ara TF expected 
that I would get, because of th2 exothermic .achion, 
which means a high heat output, I would ge. some kin 
of a bonding effect on a base metal that might have 
some interest. 

Q What was the basis for your belief that 
you would get. some sort of a bonding affect or she base 
metal? 

A Because that's the basis of metal. You 

—— 
have high heat and you got bonding. 

Q Do you know of any commercially availabie 
or described materials in which sprayed particles bond 
because of an exothermic reaction prior to this time? 

MR. CALIMAPDE: Does he mow now o did he 
ynow? 

MR. SPRUNG: I am talicing about the time 
that he made the suggestion to Yourasco and he thought 
he was making this because he expected it to bond. 


A You see, I can't really pin ¢owm -- 


+ HK 


* i; « 
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0 I said which would have an exothermic re- 

action. 

| A 


I interpreted that to mean that something 
that would have sufficient heat to bond, that one doesn't 
connect with the other. I am not telling you that I 
knew it would bond because of something else that 
was being sold. 
Q What I am trying to establish is: Was 
there anything other than the information you qot 
which emanated from Metco which would indicate to you 


because of this exothermic reaction the material 


would bond? 


A I had knowledge all alonc. The first thing 
as I got involved was when I got into Futectic I was 


interested in that from then. When vou are interested 


in a subject, you think about it from time to time. 
9 What I am trying to establish is what told 
you or what was the basis of your knowledge that a 


material which would exothermically react would bond to 


a surface. 


A If I take a coin and I let it go, what would 
happen tc. that coin? It would drop. It is cormon know- 


ledge. 


T think that anybody with anv more technoloay 


like that would have known its involved in 


ct Kapralos 
that kind of an atmosphere. 

Q In other words, it was your wderstanding - 
that 1t was well known in the art that if you heated 4 
particle hot emough it would bond to the surface? 

A Of course. 

Q Do you lnow of any in the flame-spray fleld, 
eny materials that would perform other than molybdenum 
in this manner? 

A I think that if you heat a number of 
different alloys you just sprey them and they would 
bond. 


a Whet is the basis of your thought? 


A Because if you have a high enough heat 


you are going to get a bonding. 

Q Have you ever tried it? 

A I said before I tried it in connecticn 
with some nickei-base alloys, and I sprayed it, and 
it bonded. 

Q What did you spray? 

A The nickel-base alloys. 

Q What made them hotter? I thought you: sata 
you sprayed them in the normal manner. 

A Yes. If you heat them beyond a certain 


temperature, they are going to bond. 
& $e 


q 
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Metco's product or its impact on the fiela that caused 
Ex.tectic to try — 
A I didn't know too much about Metco's 


impact on the field. I knew the product and I imew 


the patent, yes. I didn't Imow what their market was. — 


in fact, I will tell you, I don't Inow what their 
market is today. 
Q After this first initial experiment that 
Mr. Yourasco made of this material, what aid you do 
with it? 
A Jom Broderick tested it. 
w How did he test it? 
A Sprayed it. | 
Q And what percentages did you tell Mr. 
Yourasco t¢ ia of the nickel and aluminum? 
A I think I went 40 on dow, 40 per cent of 
each on down. 
Did he follow those instructions? 
I think somewhat. Wot100 per cent. 


Did he write a report on the first material 


No. He submitted them to Broderick. All 
he said is, "Here is this material. Kapralos wants 


them tested.” 


KKK 


o 


~ 
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A Yes. I think it was in the mterial I gave 
Mr. Gordon. 
(Rec2ss.) 7 
BY MR. SPRUNG: 


Q I hand you a document which I will ask — 3 


the reporter to mark Defendant's Exhibit 2, and est you 
1f you can identify that? The base number 4s not om 
the one I have. But it is No. 50100. 

A 50100. This seems to be the initial batch 
of composite agglomerate: powler that Mr. Yourasco 
prepared, the first six samples. 

(Document bearing Bates number 50100 marked 
as Defendant's Exhibit 2 for identification.) 

Q Did you give him instructions, suggestions 
on how to prepare them? 

A Only to use the Eutallite process. That 
meant a specific finale and 80 on. 

Q Did you indicate what was to be the base .... 
material and what was to be put on it? 

A No. TZ hed told himnickel and aluminum 
powler, I see here he used some alloy, nicke> alloy 


powler, he used some pure nickel powler, he used some 


are below. 


Then you did not suggest the proportions 


of nickel and aluminum? | 

I told him 40 per cent on dow, but I ses 
he used his om. 
Let's start in the 60-1. 


Is that just a code samle number? 
That was his. He made it up. 


It says nickel base powler, 400. What does 


I think the 400 is the number of grass. 


i 
{ 
i 
| 
| 


Ind aluminum, 72, that’s the nusber of grams? 


It could be a code. I am not sure. It could 


be either one. I see below he has got the final 
hemical of the deposit. It could be the amomt of 
weight or 1% could be a code. I am not sure, 
it is a code. 

Wheat is a cole— 4 
I can't answer that. I am guessing. I. 

can't. It could be the weight. It could be a code. 


The final chemistry exclusive of binder, 


4 


does that indicate the proportios of nickel to aluminun? 


Is that wetght per cmt? 


A Yes. 
Q I refer to specimen sample No. 160-1, 
that had 82.4 per cent for nickel and 15.20 aluminum 
is that correct? 
& And .60 silicon and .76 borm. 
Q And sample 160.2 has ahout 64 to 15 per 
cent of nickel to aluminum is that correct? 
MR, CALIMAFDE: Are you asking whether 
‘this exhibit has these figures? rt pee for itself. 
MR. SPRUNG: I am trying to interpret it 
and get it straight for the record. I am trying to say 
doesn that indicate that that is the percmteage of the 
nickel to aluminum in the power. 
THE WITNESS: Yes. 
Q In the final chemistry, that's what 2 am 
trying to establish. 
What's the highest percentage of aluminum 
chet they are using in that? Is that 20.8 per cent: 
in sanple number 160.57 


A Yes, 20.8 per cent aluminum, 16.8 per cent 


exygm. What he was really using, if you look m 
top, he was -~ must have been using some kind of 
oxide. 


Q Nickel oxide. 
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| What I em trying to establish is that the 
highest amomt of aluminum in these rpecimens 1s about ~ 
20 per cent; is that right? : 

A Yes. In the one he used nickel oxide, 
yes. : 

Q But you indicated that you had suggested 
that he try from 40 per cent dow? 


A Yes, I recall that. 


oe But he didm't follow your suggestion. 

A No. 

Q Do you know what made him pick these fig- 
ures? ; 

A He was the tecimical man. I don't mow 


whatever the reagan was, 


Q Do you know if he had any imowledge of 
Metoo's products at that time, George Yourasco? 

A I don't imow specifically 2{f he had 
Inowledge, but he 18 © got mtallurgist.| oo 

Q You d4idn"¢ discuss with him the fact that : 
Metco had such 4 uct on the mrket? 

Mipsis 

Q You didn't sho him the patent which des- 
cribed how to make the product? 


A No. | 
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Q And then these were -- I see at the 
bottom it says "Initial bor.t test." What does that. 


mean? 


A This came from Yourasco's recoris, sor © | 


aw: 


*hink I can take a reasonably good guess and .say that... 
this was his initial spread of what he produced; then 
Broderick tested it, these samples, and came buck and 
reported the initial bond test of the samples. 1, 2, 
3, 4 were okay, and two werenot good. 

Q Do you know how those bond tests were mde? 

A No. I have to herve Broderick testify on 
that? 


Q And you would, to the best of your ability, 
date this docnaent back about what period of time? 

A Again, I have to say late '69, early ‘70. 

Q To the best of your knowledge this is the 
fires time that Eutectic made s-1ch a powier @8 & 
agglomerate or composite of nickel and aluminum? 

A thless — 

Q I am talking to your ow imowledge. 

A Yes. Yes, wmiless, as I said, I can te 
corrected by somebody else. 

Q To your present knowledge, do you imow of 
anyth’ng earlier? 


ers 
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sprayer to which the patents were directed? | 
A No. I den't think so. T think Ir jar 


asked if it was valid or no*, I may have given some 


backgroud as to some of uhe tivings that we hed done ws 


that I testified before, but I don't recall. I just ~ 
don't recall. 
MR. GORDON: ore the record. 
(Discussion held off the record.) _ 

BY MR. SPRUNG: 

Q I refer now to Defendant's Exhibit 2, 
After the work that's depicted in this report was 
completed, what wes the next step or instructiong that 
you gave on this developmnt? : 

A I asked that they do sufficient development 
werk to come up with @ product. _ 

g You say "they. Vho? 

A - Yourasco in terms of development work and . 
i-9derick in terms of testing. 

Q You ove instructions to Yourasco and . 
‘Broderick and said,Come up with a commerci) product? 

A Yes. 

Q Did you give them any indications how they 
should go about it? 

A 


“72 
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Q De you persmally lnow what they did after 
revetving these instructions? : 

A There was a sertes of tests, Youraseo won . 
making product, end Broderick was testing it. Very ; 
shortly after their, whe Brodert k had sevemal. : a 
versions that he felt were the -- were good, we 
brought in the mrketing people, and we gave the 
product to one of the people thet -—- one of the 
salesmen, or several of the sajeemm, to go out and 
market what we called navicet-test the product, which 
was to show if and use it ir variows applications in 
with the Spram gm, : 

Q We established an approxionte date for 
that. did we not? 

A Yes. 

Q When was that? 

A Lete '69, early ‘70. 

Q Jost at tte tum of '69, "70. And you 
said you told Yourasco md Broderick to develop it 


into 8 commercial product. Dif you get authorization 


from anyone at Entectic to de that? 

A No, I hed that autvority. 

Q How sgor thereafter did they oale this 
commercial product? 


14 


out 
bh 
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A : 
 Q 
& 
Q 
A 


somethin g that he was doing in betwem other wrk. 


Very short time, a few months. 
A few months? 
- Yes. 
Did they work with intensity during - 


No, it was a mtter of Yourasco. This was . 


His main responsibility was in proéucing powers, 
the varLous powlers that Eutectic markets, in running 
that division. 


vd 


Q He was just doing this as incidental work? 

A He got his $200. 

Q It wasn't considered a very important 
program? | 

A It was _- to me 1t was an interesting 
projest, because I was involve?. You have to mderstand . 
As an engineer and attomey, I vas yveally interested 
in coming wp with the project -- with products that 
would be goof markxetably, and to me it was an interest~ 
tng product, and there was sume development work, end 
util we gave it out to the Spram people to go out 
and test it in the field. | : 

Q When you say "to the Spram people” -- 

A We gave it to a couple of salesmm that 


were treined in the Sprem process. 
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Q They were Eutectic sales people? 


A Yes. They were expertenced in our Spran 


process that we discussed. 

Q Whet was the first date you gave it? 

A I don't recall. Within a few months. 

Q How mich man-hour time was spent in your 
estimation from the time of the first report mtil you 
got the initial product out for testing? 

A I can 't guess. There was enough, though -- 
each test takes a period of time because I remember 
there was one point nee Broderick had commented to me 
that these tests were taking up some of these people's 
time for -- that he had for other products. 

Q But Broderick was tenting. 

A Yourasco was producing various types of 
combinations. 

Q Were you spraying the materials you pre- 
duced? 

Yes. 

Were you testing? 

That's what = mean, spraying and testing. 
What Kind of test did they do? 

I am going to have to ict Broderick-- you 


sea, what ne aid, once Broderick discovered that this 


t -- Kepralos 139 
was a rickel-aluminum combination, he of ¢ .wrse picked 
3 up &@ sample of the Metco, one of the Metco products s 
4 and was testiag performence of these products up | 

. against the Metco producf,and this is standard with - 
6 us. When we test our products, we will test shem up 

7 against a: competitor product, if such exists. 

- Q When did you start buying and testing 


against the Metco proéuct? 


A I would assume unce Broderick mew what 
li = was involved, tien it would be naturel for him to do 
2 that. 80 I would assume right away. 

13 Q E notice the only testing that is indicated 
144 on Defendant's Exhibit 2 18 an initial vond test. 

18 A That's probably the first test that Broder- 
6 ick made. a 
ad Q Do you normally on your products make the | 
18 bond test? 


i9 A Yes. It is very important. Not only in the 
2 §6Eutalloy, which is a flame-spray process, but also all 
21 kinds of processés where you are talicing about electrodes, 


welding electrodes. 


a Q So you were competent in making bond tests, 
*% Broderick was? 
2 


A Yes, 


= Avy 
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2 Q It was standard procedure for you? 

3 A - I can't call it standard procedure. = was - 
4 not familiar with the kinds of testing that Mr. 

s Broderick did. ‘nat was an area that I didn't get 

6  4nvolved in. All I know is that Broderick tested 

7 waterial, and Broderick is a >retty competent man, 

8 peorise wiie. Broderick's eupeareiates 

8 a Waa you ha@ Yourasco first make the 

10 sam e., did you suggest how that shonld be 2pra;::d? 

ll A No. I told Broderick to spray it. Tere 
i2 is another thing th-t's pretty normal. Whe ‘er 

i3 Broderick sees a2 mterial, or anyone for that aat™-r 

14 in the asa: area.sees a material aivertis4, 

iS that might be sprayable, thet mig ~= vo used i sone 

16 other way, he will order and then they will try it in 

17 many different ways. One material wx+1é be tried in 

18 many a%fferent ways. I am sure he tested it through a 

ig number of different evyatem. 

a Q He didn't report in depth to you on that? — 
21 A <= was only interested in receiving from 

2 him an idea. I wam't interested in detail. I wam 't-- 
23 I was interested that ifwas a good product that we can 

go. from there and release it commercially. 

Bo Q Did you get such an indication after the 
+ HK 


. 
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3 MR. GORDON: Knowledge meaning what, 
3 the existence of the product? : 
‘ Q Did you know that Metco had a 450 powder? ! 
5 A I am not sure. I am not sure, a8 L said, 
$  f didn't know tco much about the Metco siaatinios! ties’ 
7  4£ I had-- when you say knowledge, I assume whether 
8 1 heard it. 
9 Q pid you know or do you have a recollection 
10 at the time you asked Mr. Yourasco to make these 
11 = gamples which were ultimately made and reported in 
12 Exhibit 2 and for which you offered him the bonus, 


13 that Metco had a product designated 450? 


4 A No, I don't think so. 

18 Q You didn't know? 

ie A No. 

17 Q So then you didn't know of Metco's 450 


18 = =§=©product in 1968? 


19 A No. You see; I have to say something. 
When I became employed by Eutectic, I was new to the: ss 
welding industxy, so over the next three, four years, 
I may have heard names, but when you say as : 


20 

21 

22 

= i have to assume and interpret knowledge as a 

% specific recollection, and not something that T might. 
38 


have heard somebody mention which didn't mean anything 
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to me and might-- something which I might have seen 
in a magazine, in a welding magazine or something. 


But specific knowledge of knowing exactly what 


a 


something means, and on the basis of that definition, - 


I have to say no. I didn't knew the word 450 or 
what the product was. Now, I am not saying-- I am 
not saying that somebody may not have mentioned it 
to me, but no specific knowledge and recollection. 

Q As I understand that while you received 
knowledge of the Metco patent 3,322,515 in ‘68 and had 
a validity study made by outside counsel, you never 
inguired as to whether Metco had a commercial product 
which they offered under that patent? 

A When I ran into the Metco patent which 
was a little earlier than that report, first thing 
I did was I ordered a D and B. 

MR. GORDON: The question is whether or 
net you knew about a product they had on the market. 

A Whether they had a specific commercial 
product at that time that covered the patent? 

MR. GORDON: Listen to the ceiieuiies 

Q Yes. In other words, whethar they were 

offering anything on the market as was described 


in their patent.- 
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3 MR. GORDON: The question is at that time 
did he make a study to find out if they had such 
product on the market? 


$ MR. SPRUNG: An hquiry. 


6 A Not a specific study, no. 


is Q Did you make any inquix~ies? 


8 A When the patent came up, I may have 
talked to Quaas and Broderick, and Quaas and 
10 : Broderick are ve.y knowledgeable in terms of 

oe what goes on in the industry, and they may have | 
12 mentioned it. 

13 me. GORDON: Do you have any recollection 

of any such conversation? 

iS THE WITNESS: No. I don't specifically 

8 recollect. But I don't want to say it never 

happened. 

a Q But you had no real interest to find 

out or analyze-- find out and then analyze any 


ad commercial products made under the patent? 


a1 A No. Not by a competitor, no. We were - 
= interested— I was interested in what I was going 
= to do. 

™ Q Didn't it occar to you if there was 

3 


such a product on the market it would be the 
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easiest way of finding out how it worked and how 
it was, made? 

A No. I doen't think that way. 

Q So your earliest recollection at this 
time of the Metco 450 product was about the time 
you wrote this letter? 

A No. My earliest recollection of the 
fact that Meco had products of this type was really 
when Broderick started to test what we had developed 
up against those products. 

Q Who brought. those products to Brodevick's 
attention? 

A As I said iatece, Broderick is very 
knowledgeable in the welding field. 

MR. GORDON: The question assumes that 
somebody brought it to Broderick. 

Q Do you know if anyone brought it to 
Broderick's attention? 

A Broderick is the one who brings products 
to other people‘s attention. 

Q So you have no personal knowledge of 
myone bringing this to Broderick’s attention or 
writing any memorandum on it in Eutectic? 


A No 


[Tx 
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Yes, that's right. 
(Luncheon recess taken at 11:55 A.M.) 
* * 
AFTERNOON 
1:00 P.M. 
GLADSTOWE KAPRALOS, resumed. 
EXAMINATION BY MR. SPRUNG: 
Q Mr. Kapralos, do you still maintain an 
office “ Eutectic? 
A Yes. 


Q Do you have a secretary there? 


A She is referred to as my secretary. She 


worked for someone else who's left, but once they 
rehire a new lawyer, she is going to be his secretary. 
But right now no. 

Q But right now you have an office and a 
secretary at Eutectic? 

A Yes. 

Q Mr. Kapralos, when you developed the 
composite nickel-aluminum powder starting with 
Defendant's Exhibit 2, at any point thereafter did 
you consider filing a patent application covering 
that development? 


A No. 
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You never did? 
No. 
Q Did your knowledge of the Metco patent 
lave any influence on you? 
A No. 
Q What reason did you not consider filing 
a patent applicatim? 
A I knew <aat the entire system was well- 
known. I didn’t think it was patentable. 
Q But you did subsequently add another 
component to it and file a patent application? 
A Yes. 
Q That component changed the basic nature 
of the material? 
A I don‘t understand what you mean by that. 
Q In other words, the component you added, 
aid it change the material in any way? 
MR. GORDON: Change which material? 
MR. SPRUNG: ‘The nickel-aluminum 
combination. 
A It changed the structure, it changed 
the operation, it changed the result, as fa): as I 
was concerne4. 


MR. GORDON: Are you saying-- did it 


a 
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Did you evaluate those test reports? 


I didn't evaluate anything. Broderick 


is the one that ovaluates. 
$ Q I am trying to determine the weshe for 
6 your statement that the powder was better than 
Metco. 
Our technical people told us. 
8 Q Are you familiar with any Broderick 
reports which indicate it wasn’t as good as the 


Metco powder? 


A No. 
es Q But you have read the reports? 
4 A I have seen reports, yes, and I have 


glanced through them. But not evaluate then. 
1s Q In other words, your opinion that it 


was be*=ter than Metco is just what Broderick told you? 


* A Yes. 

” Q Was it a coincidence that the powder 

» was equivalent in every respect to the Metco 450 

= product? 

= A What do you mean by “coincidence? 

* © was the Metco 450 product copied or did 
sat it just happen that it came ovt when you finished 
3 


the development, it came out to be the equivalent of 
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the 450 in every; ~“spect? 

A I think that as I said , somewhers along 
the line Broderick started to text against the 450 
and he found out the product we had developed was as “ 
good as and better. 

Q Now, do you know if the Metco 450 powder 
at any time prior to this July, 1970 date was 
malyzed at Eutectic for Butectic? 

A I have no personal knowledge of that. 

Q You never saw any reports of analysis 
of the Metco product? 

A No. 

Q Did you know how much aluminum was in the 
Metco product? 

A I know now. 

MR. GORDON: As of July, 1970. 
THE WITNESS: I acquired that knowledge. 

I can’t say when. | 

Q Did you knuw the composition of B.N.9048 
as of July 10, 19707 

A No, not the specific composition, no, 

Q Did you know h~’ much aluminum and how 
much nickel it had and what the particle size wan? 


A 


YH # 
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couple of years. 


3 oe Do you have any literature references that you = 


can think of that confirm that? 


§ A606 ssa personal field trips. 


Would these field trips involve Eutectic on aS 


Q 


ducts mainly? - | ~ 


8 A I involved what I was able to see in tlie field 
and some of these shops they had a variety of products 


and a variety of ee: 


1 Q Metco's aves aluminide materials, that you 
are familiar — aia you know at that time whether they 
were intended to be applied by a cold ‘process, hot 


process or both? 


15 A At this time, 3/23/70? - 

18 Q Yes. , : 

7 < te - 

18 Q You bad no knowledge? 

19 A No. | 

20 Q a As I understobd your penotioa testimony, while : 
g, you had cieomed the Metco patent, and that is 


number 322515, and uae obtained an opinion, — tL, 
on validity, you had not read the text of that satent, 


is that correct? 


B® 8B B 


A That's right, I had not read the text of that 
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patent in complete detail. I read the claims in de- 
tail. 
Q When you say in complete detail, have you read ~ 
the text at all? : 7 
A I think I read the very beginning, and then r. 
skipped through to the cision: 
Q When you say the very beginning, the intro- 
auction? | 
| A Yes. 


Q ‘I hand you now a copy of patent 3322515. Can 


you tell me about how far in the introduction you had 


read? 

A Up to about line 40. 

Q Did you wecait any definition of flame spraying 
in that patent at the time you read it? 

A I frankly related flame spraying to our 
prubese. : 

Q You —_ no notation that the patent related to 
what has been defined in this testimony as a cold pete 
cess? 

A I didn't even have the slightest idea what a 
coid process was. 

Q At that time? 


A That's right. 


H Yet 
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this context? 
A _My understanding is that materials upon being heate 


will give off heat. 


Q And those are exothermic bonding materials? 


x 


Yes. 


A 
Q What dees the term bonding mean to you? 
A 


Bonding to me means joining, alloying, gluing. 

Q It says "Prior to the advent of these exothermic 
bonding materials.” Do you know what materials you were 
referring to as the exothermic bonding materials, by name 

or designation? Wereyou referring to your ExoTec material? 
- Yes. : 
To Metco 405, and Metco 450? 
No. To our ExoTec. 
That's all? 
Right. 

Q So prior to your ExoTec, molybdenum wire sprayed 
via wire gun was the only material that oculd be utilized as : 
a base bond undercoat for subsequent metalized surfaces. Is 
that what you meant? 

A Yes, but for the most part this is a sales bas as 
marketing tool prepared by several people. 

Q I am asking what it means. 


A What I am telling you is, the meaning of that has 
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2 some form of preparation is always necessary. 
3 Q What do you mean by mechanical? 
4, A The interlocking o* minute particles ie 
S$ into a prepared surface. There are several methods - ‘ 
6 employed in that. Number one, a marie method, i 
7 where a substance such as a steel grit: or a 
8  carborendum or sharp silicon oan is used to clean 
’ 8 and scarify the surface to provide minute crevices for 
10 holding on the sprayed material. Another method is to 
il machine the surface and turn a rough thread setting 
12 the todl with a negative rake, somewhat below the 
13 «axis, and to tear the sides of the thread and this 
14 forms crevices in which prayed metal is locked. 
1S Another method is to use an exothermic 
16 8=6omaterial, similar to, say, a molybdenum or the 
17 material that is in question here, and form a locking 


18 surface onto the surface before it is sprayed. 


“ 19 Another method is to use a bonding material 
20 which is with an electric transformer type unit, a 
‘ 21 nickel type electrode, to create a crevice on ius 
2% surface or cavities that will hold on the sprayed 3 
23 material. 
ca! Q How long have you been involved in the 
3 


flame spraying metallizing field? 


y| 
: 


E1159 
Cook 6 
A Most of the time it has been in existence 


in the United States, since 1934. 


Q And in your experience is the senate: of 


the spray material to the surface being flame eprayed | 
a problem? 
MR. GORDON: The question isn't clear to me. 

Q In your experience has it been a problem 
to secure bonding of the flame sprayed material to 
the surface being sprayed? 

A There have always been methods for doing it. 

Q If you just spray on a clean sprayed surface, 
will the euiieea material stick? 

A The only suuietiie to that is with the arc 
spray system. 

Q Normally when on spray a machine shaft 
that's merely cleaned and emeried, the spray metal won't 
stick, is that right? 

A That is correct. 

Q Was your company back, many, many years ane 
that first proposed the roughthreading and Wi tis 
of steel shafts in order to secure a bond *:: che 
material? 

A That is right. 


Q And then to grit blast it so you made 
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undercuts so that the spray would mechanically bond? 


A Grit blasting is an alternate method. It-.. 


is not necessary to use together. 

Q I am saying two separate methods, : 
mechanically undercutting either by screw sevendinn ‘eit 
turning the threads or by grit blasting. 

Yes. 

A mechanical undercutting of the surface? 

Yes. 

And that was developed about when, 
according to your understanding? 

A one first development was approximately 
1934, but it has been modified through experience over 
the years. Almost since the beginning of the industry. 

Q Anda that was the standard used in the indus 
in order to prepare a surface for flame spraying for 
how many years, would you say? 

A It's still used today. 

Q _ Por how many years, would you say? 

MR. GORDON: From '34 to *73. 

A Almost 39 years, 38, 39 years, with 
modifications of it, different procedures. 

Q All some mechanical cutting into the 


surface in some way, is that correct? 


Cook 


That is right. 


Q Are you familiar with a process that was 


developed a littie later, of electrically we*ding © : 
little spots on the surface? Ree 

A Yes, I just described it. 

Q When about @i4 that come inte efsect? 

A You know, I just can‘t answer that. In 
the 1940's. I don*® t recall. 

Q Sometime in the 1940's. 

A Yes. I wuld say approximately, don't hold 
me to it, about 1944. 

Q When that method was developed your 
company started using it wah promoting in for 
bonding? 

A fee de ce, 

Q If I say to you a self-bonding flame spray 
material, do you know what I mean? 

A Yes, I do. 

Q What is a self-bonding flame spray 
‘material? 

A Well, molybdenum is sel f-bonding in 
general a material-—- 

Q Which will adhere to the surface? 


A Yes, to a clean surface. 


i 
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Q And once a flame spray material of a 


self-bonding material, subsequent coats will stick 
to it because the flame spray material is in itself — 


rough, is that correct? 


A That is correct. In other words, you get 
a sprayed surface, and you can build, with certain 
limitations, other material on top of it. 

There are lir’t > on that. It isn't 
universal. 

Q That I understand. Mr. Cook, up to and 
through the time of this mechanical surface 
preparation, and the time that the electrode 
preparation of the surfaces were developed, do you 
know if there were any self-bonding materials known 
or used in the industry? 

A The first self-bonding material that I 


personally knew of came in the 1940's. 


Q Which was that? 

A Molybdenum. 

Q Late 40's? 

A I would have to refer to-- I wuld say 


possibly the mid-40's. 
Q And that was the first self-bonding 


material, that from your experience, you knew existed 


Cook 


HPpa 
in the flame spray field? 


A Yes, it had been successfully applied. - . wee 
‘ @ Do you know who Metco is? eT 
$ A Yes. 
6 Q ‘oe ein Dee ot thee eek eee 


under the name of Fuse Bond? 
8 A Yes, they did. What they are marketing 
it now I don't know. 


10 Q But you knew it at the time it came out? 


uu A That's right. | We both had it. 
12 Q To your knowledge, who was the first one 
to come out with the use of molybdenum, as a self-bonding 


material? 


A I am not sure that I can answer that. I 


believe it was— don't hold me to it— it was 


General Electric. 


i is Q You had no knowledge of Metcocoming out 


bg «ae 


with moly bond, a spray bond? + 


ees 


ad A Yes, I ha.. knowledge of it but I ote aes 
al whether I had——- we hid knowledge at the particular i 
: 22 time they came out of it. Everybody was selling . : 
‘ ed molybdenum and always had. 
™ Q After it came, sometime in the 40's— 
? 95 


A Yes, and we are selling it today. 
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Q At the time that molybdenum came out on the 
market and started being used as a bonding material, 
was it commercially successful, to your knowlege? 

A Yes. 

MR. GORDON: How do you define comanetatin 

success ful? 

Q Was it very widely used and promoted in 


the flame spray field? 


A Quite widely used, yes, and quite broadly 
used, yes. 
Q pid you know of any other material which 


was self-bonding, other than molybdenum? 
MR. GORDON: At which time? 


MR. SPRUNG: At any time. 


A Not in wide use that I know of. 
Q Even as of today? I am talking up to the 
present. 
A Up to the present? 
Q Yes. 
A Well, the material in question is in use. 
Q That is a self-bonding material? 
A It's a self-bonding material. 
Q What is your understanding of that 


material, what it is? 
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A Well , it provides a bond or a build up 
job, very similar to what the molybdenum is. There is ~ 
an alternate to it, or a supplement to it. 

Q Do you know, Mr. Cook, what the material 


is, metallurgically or physically? 


A Not particularly because we don't 


manufacture materials. 

Q Do you have any knowledge that it contains 
nickel and aluminum which exothermically react? 

A Yes. This is what we read and this is what 
we have reason to believe. 

Q When did you have first knowledge of 
such material coming on the market as a bonding 
material, self-bonding material? 

A From an article that was mailed, that appear 
in Iron Age, and was mailed to me from Sweden. 

Q About what period of time, do you have any 
idea, to the best of your recollection? 

A I think about-- I have to refer to that, 
but it's about 1966, or °67. 

Q I hand you a document which I will ask 
the reporter to mark Defendant's 83 and 83-A. 

(Dc ament marked Defendant's Exhibit 83 


and 83-A for identification.) 


E1166 
Cook 13 


Is 83-A ths article you are referring to? 


3 A It is, 1963. 


4 Q Up to that time, had you known of any 


Ss gelf-bonding materials available or used, in flame 


8 spraying, other than molybdenum? 


7 A No, I don't think so. 


8 Q After this article, and subse~sent to it, 


9 did you become familiar with this type of material as 


10 a self-bonding material, the material of the general 


1 type referred to here? 


12 A I don't know if we ever came too familiar 


13 with the material as a structure because we don't build 


4 06s materials. We attempted or I instructed our people 


1s to investigate to see what might be available on the 


18 market, and we had some 4nformation from Sherritt 


17 Gordon in Canada, and we had a number of other 
18 reports but we were not marketing or doing anything 


18 with it, nor had we been able to determine any known 


2 user that was employing the material. 

21 Q This is in °63? 

2 a That's right. 

2 Q When did you first become familias with 
% any known user who was employing the material, if 
2 you did? 


eee 
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He is an expert in this 


MR. GORDON: He sells products. 

A We are machine builders and mavketers of t 
machines, and < am not personally in the field. we 
know of places where it is used but to what extent 
I can‘t-- 

Q Does your company recommend tnis type of 
material? 

A We have. 

Q Jo you know any applications where it can 
be used, where molybdenum cannot be used? 

A Only from certain reports where they ace 
going to build up,like in a jet engine blade or 
housing of a blade, where it is softer than molybdenum 
but from a bonding standpoint we cannot determine vary 
much difference between the union between a wire 
molybdenum or a powder of this type as far as bond as 


strength or quality is concerned but it is a 


convenience, too, because in other words, if you are 


running a powder and you are going to build e« powder 
overlay on it it's one operation. Molybdenum powder 
in spray form is completely unsatisfactory. 


Q Do you know prior to the advent of this type 
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of material as depicted in Defendant's Exhibit 83 
and 83-A, whether there was any self-bonding material ” 
available tor the powder flame spray pr -ess? 

A I believe Wall-Colmonoy had a powder. I am 
not too well acquainted with it. 

Q Do you know of any self-bond flame spraying 
powder that was used in the flame spray field prior to 
the advent of this powder? | 

A Personally I “ort know, but I would have 
to refer to our marketing people. 

Q Has your compzny, to your knowledge, at any 
time marketed or Een any self-bonding powder other 
than this type of material? 

A No, sir. 

Q Do you know, from your own knowledge, 


whether anyone else did? 


A Not in our company. 
Q Any other company? 
A I wouldn't know. Let me make my position 


clear. I am not involved with our technical end of 


it altogether. My duties are administrative. Many 


things can happen which I don't personally have 


knowledge of, so I will have to-- 
Q That's understood, Mr. Cook. 


at % 
een 
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I recognize this as being good. 


MR. GORDON: Isthis being offered as an. 


MR. GORDON: No. It's a publication. - 


Q At present is your company manufacturing © 


or selling any exothermic self-bonding flame spraying 


materials? 
MR. GORDON: Why don't you ask that in 

two parts, manufacturing and then selling? 

Q Are you marketing any-~ 

A. ‘We are not manufacturing. We never have 
manufactured, and don't manufacture materials of any 
nature whatsoever, and never in the history of our 
company have we ever made one powder material. We buy 
materials from the open market. We ar. selling 
molybdenum, and we have this material that's in question, 
but we do not market the form of it in the wire. 

Q what exothermic self-bonding material esa 
are you marketing? 

A Eutectic powder. 

Q Under what designation do you market it? 

A We have a number 55, we label it. All 
materials bear our label. 


Q Under M-55? 


ert 
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That is right. 


" Q Does your company market any other 


self-bonding materials other than the molybdenum and 


this Mogul 55? 
S A. Hard facing powder alloys, and that's all. 
7 Q When you say hard facing-- 


8 A “Mickel boride, or nickel boride iron 


combination which they use for spray on, and then 
heat, and finish. 
n Q Are they self-bonding in the asprayed 
condition? 
18 A No. They are self-bonding as soon as the 
heat is applied to them. 


15 Q After they are fuse¢ »r welded to the 


surface? 


" That's right. 


Keg 


Are you familiar with the-- 

They are heat treated afterwards. 
They are actually-- 

Sprayed on and then heat treated. 
So as to fuse the coating? 

Yes. 


And weld it to the surface. 


» o> ry © FY OB FP 8 
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That's right, and then we are also 


HE 


Cook 
Yes, they do. 
You had-- 


I misunderstood. 


Q I was trying to establish whether you 


had familiarity with the language itself, spray . 
welding. 

A Yes, I do. 

Q As epplied to this process in which the 
material is placed on the surface by flame spraying 
and subsequently fused or welded. 

A That's right. 

Q And that's generally self-fluxing nickel 
boride pecbadnties alloys? 

A That's right. 

Q Mr. Cook, you testified that in 1963, you 
received the letter from ths Swedish company, concerning 
a self-bonding material, as depicted in Exhibit 83- A 
is that correct? 

A That's correct. 

Q And that material is rederred to in Exhibit 83A 


as Metco 404? a 


re, 


pte 


A Yes, that's it. August 20, 1963. 
Q That is when you first learned of the 


Metco 404 material? 


eH 
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515 patent? 


- THE WITNESS: No, I don't know about that. 
Q Did you ever get an opinion on that 
patent from your own attorneys? 


A No. 


Q Did you ever bring that petent to your 


attorneys attention? 
A I think so. We bring any patent to their 

attention. 
Q Did you ever make an ingquiry-- 

= A We had no reason to use the patent, 80 

3 we wouldn't eeene it differently than from anything 

- else. It wasn’t a machine patent, s0 if it isn‘'ta 

* machine patent, our interest is secondary. We look 

at it this way: This is one material in a whole 

family of materials used all of which we buy on the 

outside. Itisn't that important. It‘’s not a vital issue 


” about the business, it doesn’t hurt our business if we 


J 


have it or don't have it, 


21 
Q But you decided you would like it. 


22 
A That's right. 
” Q pid you ever consider the fact whether 
™ this patent might present a problem to your marketing 
25 


such material? 
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Q Do you know if after the powder was 
flame-sprayed or welded on the substrate, refer- 
ring to Spram? 

A I know in some cases it was but whether 
it was in others, I don't know. 

Q Did you have any part,when you were at 
Eutectic,in developing any materials or anything 
that was ultimately used in the RotoTec wicositun 

A The ExoTec powder. 


Q You had a part in developing the ExoTec 


powder? 
A Yes. 
Q Would you tell us your earliest recollec- 


tion of your involvement in developing the FxoTec 
powder? 


A I was on a trip with Mr. Kapralos, 


going to Connecticut to survey & potential vendor. 
Q Who was this vendor? 
MR. GORDON: Is this relevant? 
MR. SPRUNG: It may well be. 
MR. GORDON: Is this information: adnsid- 
ered confidential information of the company, who 


your vendors are? 


THE WITNESS: It might be. 


E1175 
Yurasko 14 


MR. GORDON: Actually I see no rele- 
vance here at all. I would rather not have him 
answer. 

I instruct the witness not to answer 
that particular portion. 

A During this trip Mr. Kapralos asked me 
if I thought it was possible to take nickel, 
nickel base powder and aluminum powder and make 
some sort of agglomerate and I flatly told him, 
"ves, I thought it would be a very simple matter.” 


Q Did he explain to you why he wanted to 


make this agglomerate at that time? 


A I don't recall really all the details 
of that, but I do recall that I considered it 
kind of a simple technique to do this. 

Q Did you have any knowledge, prior to 
that, as to any nickel aluminum composite powders? 

A No. 

Q You had no knowledge and no knowledge in 
_ the field? 

A No. 

Q And he just asked you simply "Could you 
make a composite of these two materials?" 


A That's right. 
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MR. GORDON: He said agglomerates. 
Is that the word you used? 


THE WITNESS: I used the word "agglom- 


MR. GORDON: I'm sure there isn't any 


meaning to it but -- 


Q Do you recall what Mr. Kapralcs called 
it, an agglomerate, composite, or what? 
A I don't really recall. 
Q Did he explain to you what form he en- 
visioned this powder to be in? 
. GORDON: What form? 
SPRUNG: Yes. 
GORDON: Physical form? 
SPRUNG: Physical form. 


GORDON: Do you understand the ques~- 
WITNESS: I understand the ques- 


I don't really recall anything specific, 
you know, about the form at that time. I don't 
know whether he referred to it as an agglomerate 
or not but it was a term familiar to me. 


Q He just 6aid, in effect, can you put 


eii7v7 
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nickel and aluminum together with single particles, 
having both of these -- 

A Right. 

Q He made no suggestion of particle size 


or what it was to be used for? 


he say it would be the size of 


marbles, very fine mesh, or anything else? 

A I don't think he did. 

Q Did he give you any indication as to 
the amounts of the nickel and the amounts of 
aluminum he might want in the particles, the 
relative proportions? 

A I'm not certain that he did or not. 

Q And this occurred during this trip? 

A That's correct. 

Q Did you discuss this in any detail or 
was it just a comment, whether you can make this? 

A Well, it is only,I think he said he 
would like to see this powder. What the reasons 
at that time were, I don't know. And I felt 
confident that it could be done based on work I 
had done in the past. 


In fact, that was about the extent of it. 
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And this was about what period of time? 


I don't remember the exact dates on 


You have no rough recollection? 


No. 


7 Q You can't place it from about the time 

8 you left the company, what year it was in? 

9 A I don't actually recall any specific 

10 dates. I just considered it another problen ‘ 
ll and ‘hit ‘it, - I'm sure the records will show the 
12 dates on it.. 

13 Q After this conversation on the trip, 

14 what occurred next? 

15 MR. GORDON: With respect to what? 

16 MR. SPRUNG: With respect to the subject 
17 matter. 

18 A When we came back from the trip, I ac- 
19 cumulated some materials, and I guess most of 

20 them were on hand -- 

21 Q When you say you accumulated material, 
are you talking about physical material, litera- 
ture, or what? 


micec\ 
A Physical material, some of the ¢ren base 


Be 8 8 


alloys, aluminum and resins, and I proceeded to 
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make a small mix, so to speak, to prepare some 
samples. 

Q You had no idea what it was to be used 
for? 

MR. GORDON: At this time? 

Q As I understand your testimony, Mr. 
Kapralos merely said he would like to see this 
type of powder, he gave you no indication of pro- 
portion, size or anything, and that was the sub- 
stance of your communication, and then you went 
back and started to work on it; is that correct? 

A Yes. 

Q he wee had no idea what size powder he 
wanted or what purpose it was to be for, is that 
correct? 

A I could only assume that it was meant 
to be a spray powder of some type. 

Q Why did you assume that? 

A We were in that business. 

Q Weren't you in other businesses? Weren't 
you making welding rods? 

Did you know this powder wasn't to be 
put together to make a welding rod? 


A I didn't know that. 
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2 Q Did you inow it was going to be a weld- 


ing powder? 


I had to assume that much because 


A 


Eutectic was in that business. 
Q What I am trying to establish -- 


7 A I didn't have anything to do, you see, 


8 with the electrode end. My sole function there 


was to make the powders. 


10 Q The Eutalloy? 


And/or maybe anything else they needed it 


Q What else did they make powders for at 


that time? 


15 A Well, they were used in electrode formu- 


18 lations, in coating, and they did certain other 
17 types of -- they used many other types of powder; 
18 tubular wire, I suppose was made at —- 
is Q You just assumed it would be for one of 
the uses? 
A An in-plant: use,right. 
Q But you had no idea which one? 


2 

21 

2 

2B A Not at that time. 

-“ Q When you went about selecting the 
3 


materials, how did you go about selecting the 
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particle sizes or the proportions? 
A I had done a lot of work in the past 
with coating powders for electronic applications. 
Q Which type of powder? 


A Metallic powders, iron-nickel alloys, 


plain alloys;@ery fine carbonyl powders, fine, 


and ad also worked on coloring iron powders, 
using a coarse mesh, utilizing very fine pigments 
to coat the surface of these powders, that ulti- 
mately were used in magnetic inspection work to 
afford a degree of contrast. 
From this . knew about what size I wanted 

to use. 

Q Your experience was to make electrodes 
of the same particle size as those used in the 
Eutalloy process and the same particle sizes in 
making these electronic components, in your experi- 
ence? 

A Yes. They varied all over the map. 
Some were coarse and some fine. 

Q Which did you decide to make, a coarse 
powder, a fine powder, or what? 

A I used basically what we made there 


which was minus 140 mesh powder to start with. 
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Q But you had nothing envisioned in mind 


what it was going to be used for, is that correct? 


A Not at that time. 
“4 Q 7 Physically how did you go about making 


the powder? 


A I located a variable speed motor, cut 


the bottom off of a gallon can and conducted the 


early tests there. 


10 Q When you say conducted the early tests, 


what early tests? 


12 A I don't know how many samples + made 
13 there, but this thing revolved, I added the 
14 nickel, the resin and the pigment and depending on 
15 the amount of resin, you could either form an ag- 
Bw lomerate or a uniformly-coated powder. 
17 Q What powder components did you use? 
18 MR. GORTON: You said you had a nickel 
19 resin pigment? Is that 7 mistake? 
a) THE WITNE"S: In this case.it was 


21 aluminun. 


Q What size aluminum powder did you take, 


22 

p<] do you recall? 
a4 A I think it was about five ay | aca 
& 


Q Very fine? 


22 
23 
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A Very fine. 

Q What else did you take? 

A I took a nickel base powder that we had 
on hand at that time. Later on I located some 
nickel which was used in electrodes. 

Q What size was the hickel? 


A Offhand, I would say minus 140 mesh. 


Q Coarser than the aluminun? 
A Much coarser, yes. 
Q Did you envision you were going to coat 


the nickel with the aluminum? 

A Yes, depending on the quantity of resin. 
As I said, you can either form an agglomerate or 
a coating. 

Q What gave yon the idea of coating the 
nickel with the aluminum? Why didn't you want to 
coat aluminum with the nickel, coarse aluminum and 
fine nickel? 

A I don't really know but I had these 
materials available. 

Q Did Mr. Kapralos suggest to you that you 


might want to coat the nickel with the aluminum? 


A I don't know. 


Q You have no recollection why you did it? 
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"9 
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2 Did you ever try coa’ing the aluminum 
with the nickel? 


A No. 


5 Q Did you ever try using a coarser aluminum 


powder than nickel powder? 


A No. 
8 Q Did you ever try using equal size powders? 


A No. 


10 Q What proportions of aluminum did you use 
| to nickel? 


12 A Well, to start with, the percentage was 


quite high. 
14 Q of which? 
A Aluminum. 
Q About what percentage of aluminum to 
nickel? 
A From pigmentation work I knew I could 
get 17% ahumimuta, Of pigment; on iron powder, and 
I started at a high level. 
Q shout 1732 
A In that vicinity. 
Q Did you ever consider using equal amounts 
of aluminum and nickel? 


A No. 
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Q Can you tell me why you consideréd 
using less aluminum than nickel? 

A Only because of this pigmentation work 
I had done before where it was 17% or 17-1/2% as 
I recall and then you had an excess of free pig- 
ment. 

Q Couldn't you have made a fine nickel 
and a coarse aluminur and put 17% nickel on the 
aluminum? Wouldn't that have been a possibility? 

A It is a possibility but I didn't have 
such materials available. 

It could be done. 

Q Do you know if Mr. Kapralos might have 
suggested that you would want a certain proportion 
of nickel to aluminum? 

A I don't recollect that he gave me any 
percentages at all. 

Q What type of resin did you use? 


A At first I think I had a phenolic resin 


ht 
there that was used in the Eutalley process. I 


don't recall the name of it. But in the Eutalloy 
process we put a flux coating on a product named 
EutaLite, whichis basically the same process. 


Q You don't remember what percent resin 
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you used? 


A No, I don't remember exactly what per- 


centage we uted there. 


Q Would you tell me how you proceeded in 
the operation? Did you just throw everything to- 
gether in this drum or did you follow any ec 

A The sequence inithe mass operation 
was to take the base powder which was coarse, add 
the resin and then the flux. 

X don't recall the specific time ir.ter- 
vals involved but the resin was put on the powder, 
then the fine flux neice was put on and it of 
course bound to the Sestacwoated particles, and 
then it was taken up to the curage stage to set 
the resin. Then you ended up with basically .the 
same particle size that you went in with. 

Q Will you describe the iicaiinsint you used 
in making these initial batches of powder step by 
step? ’ 

A As I recall, when you-~ 

Q Let's start with the drum and you have 
your wstoutube, Tell us step by step how you went 


around putting the materials in the drum and -- 


A Are you speaking of the initial -- 
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You said you got a variable speed 
motor and a drum. 
A Right. Of course, this came from the 
fact that we also had green: Me Re ong panes and 
I decided to make a small revolving disc, put the 
base ingredient in, diluted -— 
Q What do you consider the basic ingredient? 
A Nickel base powders or nickel oxides, 
whatever. The base ingredient -- 
Q What did Mr. Kapralos suggest to you? 
I thought you testified he said nickel and aluminum. 
A He ‘spoke of nickel or nickel base alloy 
and aluminum. 
Nickel or nickel base alloy and aluminum? 
Yes. 
SO: you tried both? 
A Yes. 
Q Did you make all the same? You put the 
nicxes or nickel base alloy in the mixing apparatus? 
A Yes. 
Q Then you added the resin? 
A That's correct. I added the resin, and 


revolved it for a certain length of time to uni- 


formly coat the base material with resin. 
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Then the aluminum, in the final step, 


to coat these particles. 


4 Q Then what did you do after it was coated? 
5 A After it was coated I put it in an win 

and cured it to set the resin, screened it, pereers 
ted it to the technical services area. 


Q What did you screen it to? 


9 A Basically minus 140 mesh. 


10 Q Why did you pick that particle size? 
11 A It was a common particle size for us. 
12 Q Then you submitted the powder to fechni- 


13 cal Services? 


14 A That's right. 
15 Q Did you just say: Here is a powder? 
16 A I usually wrote a memo and sent it to 


17 John Broderick; explaining to him that I had these 
18 samples on test and then he would take it from 

19 there. 

20 Q Did you eeetent what they were to be 

21 tested for, making an electrode or what? 

A Well, he knew it was to be a spray powder. 


How did he know it was to be a spray 


22 

a) Q 
u powder? 
3 


As I understood your testimony, 
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Mr. Kapralos told you nothing of what it was to 
be considered for? 

A Well, I don't know what he had on his 
mind for these powders. 

Q But you just gave it to Mr. Broderick 
and said, "Test it, whatever you can find to test 
4t for”? 

A I wasn't aware of all that was going on 
there, you know. 

Q Someone else gave instructions to 
Mr. Broderick to test it, what it was to be testéd 


for? 


A I don't know. 


Q But you didn't? You didn't know what 
the powder was to be used for or tested for, is 
that correct? 

A At that time I'm not so sure. Later on -- 

Q Let's get to this time. You had only 
this one conversation with Mr. Kapralos and you 
made the powder and you gave it to Mr. Broderick, 
is that correct, or did you have any other dis- 
cussions with Mr. Kapralos? 

A I don't recall any at that time. 


He: just said: Can you make powder 
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2 containing nickel and aluminum or nickel base 


3 alloy and aluminum, and you said yes, and you went 


back and made powder and gave it to Mr. Broderick? 


A Yes. 


And told him to test it? 


Q 


A Yes. 


id Q Did you have anything in mind when you 


gave it to him to test it? 


10 A I'm not sure of the sequence of events, 


really, without having access to records. 
12 Q Let's exhaust your recollection and 

13 then we will get into the records. 

14 To the best of your recollection, that 
18 is what occurred? 

18 A That is the best of my recollection. 


17 Q Then what happened? Did Mr. Broderick 


18 test it? 


19 A Yes. 
20 Q Did you get the test reports? 
21 A Yes. 


Q What did the test reports tell you? 
A Some were good, some were bad. 
For what? 


For spraying. 


» oO 
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Q For what purpose? For use in the 


Eutalloy spraying process, use in the Spram spray~ 


ing process? 


A It was either Spram or RotoTec. 


Q Did you have RotoTec at that time? 


B I don't know but they were playing around 
with different evetine: 

Q I am really trying to understand how 
you gave powders to someone to test without knowing 
what it was used for and get back test results and 
see if it was satisfactory. 

A Like I said, I don't recall the exact 
sequence of events. Later on, of course, I knew 
what it was going to be used for. 

Q What was your understanding later on 
what it was to be used for? 

A Well, it became apparent it was going 
to be a spray powder. 

Q For what purpose? 

A For a bonding application. 

Q At the time Mr. Kaprales first asked 
you to see if you could put nickel and aluminum 
together, did you knowwhat a bonding operation was 


in the spray process? 


* ex 
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if that's what you had in mind? 

A Yes. 

Q But you certainly wouldn't ask it as a 
bonding material; would you have expected that he 
would test it in the normal flame~spray processes 
which were being marketed by Eutectic at that time? 

A I don't know how he tested it. 

Q Would you expect this would either be 
naed in the Eutalloy or Spram process, or did you 
envision some different use? 

A I don't know what they were considering. 
I manufactured the powder. What end uses they 
were actually considering, you know, I don't 
know. 

Q Mr. Kapralos didn't confide in you what 
end uses he had in mind or what purposes he had 
in mind? 

A Not in the early stages that we are 
talking about. 

Q Do you recall if Mr. Kapralos offered 
you a bonus if you would make this? 

A Yes, he gave me a bonus for doing this 
in a rather short length of time. 


Q Did that seem unusual to you? 
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A Well, I don't know whether it was un- 
usual or not. 

Q I am talking about to you. 

A It was outside the scope of my normal 
operations which is, I assumed, why I got this ks 

Q Whom did you report to at that time? 

A Mr. Quaas. 

Q Did you usually do work Mr. Kapralos 
instructed you or authorized you to do? 

A No, except I think Mr. Quaas was out 
of the country at that time. 

Q You. felt you were reporting to Mr.° 
Kapralos in Mr. (Cuaas' absence? 

A I didn't feel that I was reporting to 
him. I just felt it was a challenge. 

Q I thought you said it was something that 
could be done very simply and no problen. 

A It was done simply. 

Q Why did you consider it a challenge? 

A Just to prove it could be done. 

Q Did you have to prove to yourself it 
could be done or did you think it was something 


that was pretty obvicus and pretty simple to do? 


A Well, he wanted the powder and based on 
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my past experience I thought it was simple to do 
this. 
Q So it wasn't a challenge to you, really? 
A Well, here again it depends how you 
interpret it. 
How did you interpret it? 


I wanted to prove to him that it could 


Were you ever offered a bonus at Eutectic 


for doing any other work at the company? 


A None other than the usual bonuses. 

Q This was the first time someone said 
to you: If you can make this material, we will 
give you a bonus? 

A That's the first time. 

Q How much of a bonus did they offer you? 

A It was either $200 or $400, I'm not 
certain it was. 

Q Is my understanding correct, he said: 
Make a nickel and aluminum powder with the particles 
of nickel and aluminum stuck together, is that 
correct, and I'll give you a $200 or $400 bonus, 
you had no knowledge what it was to be used for, 


what the compos‘tion and what the particle size was? 


Yurasko 

At that time, no. 

You proceeded to make a nickel, and 
nickel-base alloy powder coated with up to about 
17% aluminum and gave it to Mr. Broderick to test 
for certain specific purposes, is that correct? 

A Yes. 

Q I still cannot understand what you had 
in wind when you gave it to Mr. Broderick to test, 
or what instructions you gave Mr. Broderick. 

MR. GORDON: Is there a question? 


Q What did you envision that Mr. Broderick 


would do with this powder when you gave it to him 


to test? 

A At that time I don't really know. 

There were many things going on there in the R & D 
area that I wasn't aware of. 

Q The nature and type of tests were not 
your suggestion? 

A No, 

Q Mr. Yurasko; at the time that Mr. 
Kapralos asked you to make this nickel~aluminum 
powder, did he explain to you that Metco had such 
a powder on the market? 


A I don't recall anything to that effect. 


pons 


Ss & & 2 
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Q Bo en ee that Metco has manufactured 
such a powder? 

MR. GORDON: As of the present time? 
MR. SPRUNG: Yes. 

A Later on I got to see a patent. 

Q That was the first time you learned of 
Metco? 

A I heard the name prior to that. 

Q I mean Metco's involvement in the nickel- 
aluminum field? 

A Yes. 

Q About how much later was that? 

A ¥ don't know. I don't recall how much 
tater. It was after the initial testing. 

Q I hand you a document, Defendant's Ex- 
hibit 2, and ask you if you can identify the  docu- 
ment. 

A It certainly looks like my printing. 

Q Can you identify that at all? 

A Yes. The.» apparently are samples that 
I had prepared, 160--1,2,3 to 6, indicating the 
base materials, in fact all the ingredients. 


Q Do those reflect the first initial 


samples that you made in accordance with the request 


> 
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by Mr. Kapralos and the bonus given? 
A Yes. 


Q And you gave these sample numbers 


160-1,2,3,4,5,6. 


Do you recall why you picked those numbers? . . 


A I picked those numbers because the 160 
denotes the department number which I operated, 
and the 1 through 6, the sample numbers. 

Q As you made the sample numbers you 
numbered them 160-1,2,3,4,5,6 in sequence? 


Yes. 


Did. you make subsequent samples: after 


I probably did. 


Did you number them with subsequent 
They have have the same numbering se- 
Q It hand you a document marked Defendant's 
Exhibit 12 for identification. 
Can you identify that document? 


I don't see that I signed that memo 


Are those your initials as you normally 


E1198 


hp :mg Yurasko 39 
is that correct? 

xX Yes. 

Q So that these sampies were completed as 
of that date? 

A The: samples indicated here, yes. 

Q And at that time, ycu knew something 
about Metco Ni-Al? 

A A little bit. 

Q Does this document refresh your recol- 
lection as to what you knew about Metco Ni-Al, at 
that time? 

A well, I knew it was to be a spray powder 
at this time. I probably dian't know the exact 
sizes that were involved, but that it was to be 
used at least, in part, for a spray application. 

Q I sidecatacd you testified that the 
first knowledge you received of the Metco nickel- 
aluminum material was from the Metco patent, is 
that correct? 

A Probably 30. 

Q So you were probably shown the patent be- 
fore this date? 

A Or thereabouts, right. 


Q And you would have read the patent? 
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MR. GORDON: Did he read it? 
Q Did you read the Metco patent when you 


were shown it? 


A I went over it briefly. Either Mr. 
Quaas or Broderick had it, I believe, I'm not 
sure. 

Q Not Mr. Kapralos? 

A I really don't know who had it. 

Q You saw the patent, you probably saw the 
patent and went over it prior to 3-23-70, when you 


submitted these samples?’ 


A ves. Coosa tty). 


re) It says, “Should initial tests on these 


show promise we should submit samples for metallo- 
graphic examination and be prepared to conduct 
bond strength test versus the Metco counterpart.” 

A Right. 

Q Would that indicate to you that the Metco 
material was used as a bonding material? 

A Yes, it wna: 

And that this material was intended as:a 

bonding material? 

A Yes, it would. 


Is it possible, then, you had the Metco 
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patent at the time you made these samples? 
A I didn't see that patent until after I 
had made these initial samples. 
Q How much time elapsed between the time 
you made the samples and the time you submitted 
it to Mr. Broderick? 
A What is the date on that? 
Q 3-23-70. 
MR. GORDON: Are you referring to Ex- 
hibit 2? 
THE WITNESS: Yes. 
Mz.. GORDON: It's undated. At least 
we haven't in able to find a date anywhere. 
A Probably a couple of days from the time 
I made them until they were given to Mr. Broderick. 
Q Someone would hae given you the Metco 
patent within those few days? 
A I don't recall the exact span of time 
there. 
Q What I am trying to establish, stall 
to the best of your recollection, you received this 


knowledge of Metco's patent, what these materials 


- were to be used for, between the time you made 


the samples, 160-1 through 160-6, and the time | 
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you submitted the 160-1 through 160-3 for Mr. 
Broderick for testing, is that right? 

A I'm trying to get a feel for my timing 
here, from the time I got back, and I don't recall 
the exact span of time. 


Q From Defendant's Exhibit 12 you must have 


had this knowledge before you submitted it to Mr. 


Broderick, is that correct? 

BR I was either told or saw the patent after, 
you know, I made these initial samples and what 
the potential end use was. 

Q After you made them but before you sub- 
mitted them to Broderick? © 

A Yes. 

Q There is no possibility you could have 
been told before or why you were making them? 

A No. | 

Q : I hand you a document marked Bates No.50253 | 
and ask you if you can identify that document. 

A It is a test report, laboratory particle 
size test report. 

Q Are you familiar with that report at all 
or can you in any way relate it to the samples, any 


of the samples 160-1 through 160-6, as depicted in 


eH 
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Q When you refer to Defendant's Exhibit 
100, you say that could be the starting material, 

which you requested for making the samples? 

A Right, that could be. 

Q And would that fix the date 3-7-70, would 
that refresh your recollection as to the period of 
time between making the materials and submitting 
them to be tested to Mr. Broderick, as shown on 
Exhibit 12, 03-23-70? 

A Yes, that would have to tie in. 

Q Does that refresh your recollection that 
you probably started work, probably in the begin- 
Ja ca ning of March of 1970, int ceed the work 


around the 20th or 23rd and submitted it to Mr. 


Broderick? 

A Yes. 

Q And within that interim, you received 
knowledge of the Metco patent, Metco material? 

A Yes. 

Q I would like to hand you Defendant's 
Exhibit 13 for identification. 

Can you identify that document? 
A It is a report on a nickel aluminide. 


Q What does the 450 mean to you? 
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It is the number of the Metco composite. 
And this sieve analysis was made at 
3-12-70? 


A That is correct. 


Q That was right in the period you were 


making this powder, is that correct? 

A That is correct. 

Q Do you know what Metco 450 is, today? =~ 

A As I recall, Metco had two of them. I 
don't remember the numbers any more but one had in 
the area of 20% aluminum and one around 4-172 to 
5%. 

Q When you made samples 160-1 to 160-6, what 
percent aluminum to nickel did you use, what 
range? 

A That was 12 to 20.8% by weight. 

Q Do you recall from the Metco patent 
what that range might suggest? 

A No. 

Q Now that your recollection may be re- 
freshed from Defendant's Exhibit 12, as to what 
tests you asked Mr. Broderick to perform, do you 
have any recollection as to what the test results 


were? 


rr. 


< 
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. A Well, they are indicated on this report. 


MR. GORDON: Referring to Exhibit 2. 


‘ A -sOWherein it is indicated 160-1, 160-2, 160-3, 


. and sample 160-6, according to his tests were okay. 
Q And they were just ested for bond tests, 


7 as indicated on Exhibit, Defendant's Exhibit 2? 


8 A Yes, but I don't know what else he might 


- 


have tested for. 


Would that indicate to you that was the 


Q 


important feature being tested? 
2 A Yes. 

13 Q Do you have any recollection that that 

14 was the purpose of this material, as a self-bond- 
15 ing material? Does this refresh your recollection? 
16 MR. GORDON: This is the first time 


17 you have used the word "self-bonding.” 


18 MR. SPRUNG: Yes. 

is MR. GORDON: I'm not sureithat the wit- 
20 ness is familiar with that. 

21 MR. SPRUNG: We have used it before in 

22 this testimony. 

23 Do you want it read back? 

u“ MR. GORDON: I don’t yecall but I'll have 
3 to take your word for it. 


HA Xe 


Yurasko 

MR. GORDON: I don't recall that. 

Will you repeat the question? 

(Question read.) 

MR. GORDON: From looking at these two 
exhibits can you answer that question? 

Yes, that is the bond, yes. 

You made these initial samples. Did you 

further samples? 

I probably did. 

Do you have any recollection of making 
any further samples? 


A I'm sure I did but I don't know how many. 


Q Exhibit 13 indicates as of 3-12-1970 


you had an analysis of the Metco 450 nickel alumi- 
nide? That is, at Eutectic there was an analysis 
of 450 nickel aluminide? 

A Yes. 

Q Do you recall whether at any point you 
attempted to duplicate that material? 

MR. GORDON: He personally? 

Q You personally. 

A Not up to this point. 

Q Let me ask you, at your time at Eutectic, 


did you ever try to duplicate the Metco 450 material? 
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A Well, later on we got a specification, 


~ an aircraft specification from somebody in the 


field, and it spelled out pretty much the specs - 
5 required, and in that spec they tied down the 
particle size, the aluminum level, plus some other 
residual things. 
. Q And you tried duplicating that? 


8 A Then we tried to prepare material to 


meet that spec. 
i Q And that was the same as the Metco, to 
Mw your knowledge, 450 material? 

13 MR. GORDON: There is a time problem. 

4 ~= At. the time you got the spec did you know it was 
15 the same as -- 

16 . I don't know. 

7 Q You knew as of 3-12-70 of the Metco 450 
18 =§=material? 

49 MR. GORDON: He persanally? 

20 Q I am talking about you personally. 
wokhor aepeert +e be 

21 A I don't know. Mr. Quaas' initials are 
a on that ana I don't know whether I got a copy of 
P<] that. 

24 Q Do you have any recollection? 

3 


A 


No. 


«> 
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Q What is the earliest recollection you 
have of knowledge of the composition of the Metco 
450 material? 

A I think when I saw the aircraft specifica- 
tion. 

Q At that time? 

A Yes. 

Q I thought you testified at this time 
Mr. Quaas was out of the country? 
™ A He may have been. 

Q Could you explain how his initials would 
appear on this? 

I am re arring to Exhibit 13. 

A I don't know if he was out of the country 
here on this date or not, but at the time possibly 
that Kapralos and I were taking this trip, he was 
out of the states. 

Q He may have come back in the interim? 


A Yes. 


Q I hand you Defendant's Exhibit 17 for 


identification. 


Is this the specification you were re- 


ferring to? 
A It looks like it. 


(Luncheon recess: 12:00 Noon.) 
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marked Bates No. 50250 and ask you if you can 
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Q I hand you a document which has been 


identify it. 


A It is a purchase requisition made up by 


Q What was it for? Did it have any relation- 
ship to your initial work leading to the ExoTec 
material? 

A Probably I wented to order more nickel 
oxide to prepare powder from, and some carbonyl nickel, 
which I also probably wanted to 3e. 

Q Did you make powders other than that 
depicted in Exhibit 2, which contained nickel oxide 
as a core, as opposed to nickel, or a nickel base 
alloy? 

A I don't remember. 

Q Do you recall any work being done on core 
materials containing nic’:el oxide or coated with 
nickel oxide in an attempt to avoid the Metco 
patent? 

A I believe I oxidized some nickel and 
coated it with aluminum, to show that the reaction 


was basically oxygen with aluminum. 


He ee wer 
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laboratory to Mr. Joseph, indicating that a micro~ 
analysis is required in samples 160-1, 2, 3 and 
6. 

The term “pre-bond alloys"-- 

MR. GORDON: Have you established if he 
has seen it before? His name does not appear on 
it. 

Q Are you familiar with that document? 
A I believe this is the first time I have 


seen it. 


Q Do you have any knowledge of the term 


"pre-bond alloys” being used at Eutectic during 


this development period in the beginning of 1970, 
March and April 1970? 

A No. 

Q You never heard shat? 

A I don't recail haring that tern. 

Q I hand vou a document markec 50228 and ask 
you if you have seen that document before? 

A I don't remember it specifically. 

Q Whose handwriting is that? 

A I can't identify it. 

Q I hand you document marked Defendant's 


Exhibit 59. 


Yurasko 


Are you familiar with that? 


A This is a memoran@um I wrote to Mr. 


Guaas describing the early procedure. 


5 Q Used in makin samples 160-1 to 160-6? 


Aa Yes. 


7 Q I hand you a document and ask you if you 
can identify the writing on that. 
8 A It doesn't look like my printing. 
10 Q Have you ever seen that document? Can 
11 = you identify it in any way? 


12 A I can't say that I have seen that before. 


13 Q Can you identify it? 
14 A Well, it is the procedve used for pre- 


‘1 paring nickel aluminum powder. 

16 Q I hand you a g¥oup of documents and ask 

17 you if you can identify the writing on any of 

18 them. 

19 A I don't know whose writing that is. 

20 These look like some of my scribbling notes here 

21 (indicating) e 

22 MR. SPRUNG: I ask the reporter to mark 

23 three documents, 50134, 50126 and 50128. 
> ri} (Documents 50134, S019 and 50128 marked 
: Fis] Defendant's Exhibits 1(7, 104,}05 for identi- 


fication.) 


ee 
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oxide in between the aluminum and the nickel? 


A Yes. 

Q And that is shown in the drawing on the 
left-hand side, marked "Eutectic"? 

A Yes. 

Q Do you know if Eutectic ultimately -ommer- 
cialized a product having nickel, metal and aluminum 
or whether they made a product, nickel oxide and 
aluminum? 

A When I left it was nickel and aluminum 
and I don't know what has been commercialized by 
the oxide route. 


Q You have no knowledge of commercialization 


of the oxide but you do have knowledge of commer- 


cialization of the aluminum with the nickel, is that 
correct? : 

A Yes. 

Q Co you know who Pete Constantine was? 

A Pete Constantine was in my employ, having 
worked for Metco. i don't recall the exact dates 
that he worked for me, but I had to leave him go. 

I let him go. He worked there for a short period 
of time. 


Q Was he at Eutectic at the time you initially 
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made samples 160-1 through 160-6? 


A I can't really say. I don't remember his 
hiring. 


Q He did appear around April 15, 1970, at 


the time you wrote Defendant's Exhibit 20, is that 


correc’. 


A Yes. 


8 Q Do you know if Pete Constantine had any 


knowledge of Metco's 404 and 450, nickel aluminide? 
n A 6A Lettie. 
12 Q Did he ever discuss their product with you 
13° at that time? . 

4 A We ones discussed it off and on. I 

IS can't say tha he really knew how it was made. He 


168 knew a little bit more about testing, I believe. 


7 Q But he was familiar with the products? 
18 MR. GORDON: The existence? 
ig Q Was he familiar to your knowledge, of 


20 their composition? 


21 A I don't know that I revealed the composi- 
2 tion to him. 

23 Q I am talking aout the Metco materials. 
2 AB He probably did. 

2s Did you do any other w.or* in an attempt 
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area by the technicians there. 


Q Did you observe those tests or have any ic. 


part of them? 


A I don't recall observing the tests, only 


reporting the results as reported to me. 
Metco 450 was also tested? 
Yes. 
Who is Mr. Doody? 


Mr. Doody used to be a vice president 


Of Eutectic? 
Yes. 
Q What was his part? Did he have any part in 
this development? 
A I recall none. 
Q I hand you Defendant's Exhibit 46. 
A Mr. Doody was in the sales area and appar- 
ently requested samples, which we submitted. 
Q What does the term "ExoTec-Therm mean 
to you? 
MR. GORDON: That says "Eutec~-Therm." 
Q I'm sorry, Eutec-Therm. 
A Probably a trade name they were going to 


apply to this material. 
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Do you know if they ever applied it? 
Not to my knowledge. 


4 Q During the period you were working, de- 


veloping these powders that developed into the 


ExoTec material, how long did Mr. Constantine work 
with you? 
8 A I think it was a little over a year although 
I am not certain. 


10 Q Pretty much from the beginning of the de- 


11 velopment as reflected be thee April date, until the 
12 following year in April? 7 

13 MR. GORDON: The testimony was March as 

14 I recall. 

15 MB. SPRUNG: The first date we have 

16 Constantine's name was in April. 

17 A I don't recall exactiy how long he worked, 
18 a little over a year, I think. 

i9 Q Who else was involvefiin this development? . 
@ Can you tell me what Tanzman's role was? 

21 A fanzman was in the research department, 


and whether he did any work there or not, I don't 


practically none. 


22 
@ know. My contacts with him were very limited, 
a 
25 Q What was the period he was there, do you 
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recall? 
A It seems to me he left to go to Metco 
and then he came back for a brief period. I had 
very little contact with Mr. Tanzman. 
Q And you can't give us the dates? 
A No, I can't. 
Q How about Mr. Patel, what was his involve- 


ment in this? 


MR. GORDON: Meaning the development of 


Exo-Tec? 
MR. SPRUNG: Yes. 


I don't think he was there when we developed 


When was your first contact with him? 

Here again, he was brought into research 
and we were very remote in our wor areas. 

As I understood it, he was going to go 
to India. What-all he worked on, I don't really 
know. 

Q Was it your practice in making these 
various samples to evaluate them against the Metco 
material and see which compared most favorably with 
it? 

MR. GORDON: Personally? 


inte 
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MR. SPRUNG: I would ask the reporter 
to mark this Exhibit 110, No. 50194. 
(Document No. 50194 marked Defendant's 
Exhibit 110 for identification.) 


6 A This is a memo from me to Broderick. 


7 Q Concerning this development work on the 


materials that ultimately led to the ExoTec powder? 


In connection with ExoTec. 


A 


Does that refer to Mr. Tanzman? 


il ft Yes. He recommended some kind of a test 

12 ‘there. 
13 Q What type of test did he recommend? 

14 A I think they overlaid, sprayed aluminum 


15 and then another coating, another material on top 

ie «6©—.sof':s«sthat. 

17 Q Doyou know if there were any reports on 

18 Mr. Tanzman’s recommendation other than this hand- 

19 written note? 

2 A I don't know. 

21 Q Do you recall any other recommendations 
that Tanzman may have made concerning this develop- 

A None to me. 


22 
23 ment? 
2% 
3 


Q The purpose of all this development work 
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was to develop a flame spray nickel aluminum 
bonding material that pore meet the aircraft speci- 
fications that you previously testified to? 

That is what we were striving for. 

That would be equivalent to the Metco 450? 

Apparently, yes. 

Did you ultimately reath that goal? 

We prepared the. spec. 

Were you attempting to make a material 

equivalent to Metco's 450? 

We were making the material to meet the 


PWA spec. 


Q Were you attempting to make a material that 


was equivalent to Metco's 450? 


MR. GORDON: He just answered that ques- 


Yes or no. 
MB. GORDON: He answered the question. 
Q Yes or no? 
A Apparently the Metco material falls within 
that spec. : 
Q Did you have Metco material 450 on hand 
and making comparison tests of -- 


A Yes, comparison tests. 
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Q Of your material against Metco 450? 

A Yes. 

Q And you were trying to make a material 
that was at least equivalent to the Metco 450? 

A And to. meet the PWA spec, yes. 

Q And were you successful in making such 
a commercial material? 

A Yes. 

'Q What was that material ultimately marketed, 
under what designation, do you know? 


A I would say ExoTec. 


When was this development completed, do 


you recall? 2 

A I don't recall. 

MR. SPRUNG: I will ask the reporter to 
mark this document, Document No. 50312. 
(Document No. 50312 marked Defendant's 

Exhibit 111 for identification.) 

Q Does that document refresh your recollec- 
tion as about the time the powder had been developed 
to a point of commercialization? 

A Yes. 


Q Doyou know how long after this memo, as 


depicted in Defendant's Exhibit 11, you were able to 


Khe 
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What were your duties at Metco? 

My duties was to follow my project engineer. 


Who was your project engineer? 


. A My project engineer was Mr. F.N. Longo. 

. Q And you worked under his supervision? 

7 A ‘Right. 

ad Q Were you familiar with any composite powders | 
8 being manufactured, being worked on at Metco during 

10 this period of employ? 

oe A Manufacturing? 

12 Q Being worked on, developed or manufactured, 

13 


composite powders containing nickel and aluminum com- 


14 ponents. 


15 A No. 

16 Q You are not familiar with any? 

17 A No. 

18 Q You were not familiar with Metco 450 

18 powder? 

20 ; wm, 

21 MR. KAPRALOS: Excuse me, one second. What 


do you mean by familiar? Was he aware of it, did he 
work on it? 


Q You had no know! :dge-- 
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I had no knowledge when I was there. 
MR. GORDON: You are asking as to his period 
of employment? 
MR. SPRUNG: Yes. 

Q Did you do any work on the formulation of 
flame spray powders? 

A Yes. 

Q Did you do any work on the formation of 
flame spray composite powders? Do you know what I 
mean by a composite powder? 

A No. 

Q You don't know what I mean or you didn‘t 
do any work? 

A I am saying no to that I worked— on any 
composite powder? 


Q Do you understand wiiat I mean when I say 


composite powders? Do you understand what the term 


- 


means? 
Composite powder? 
Yes. 
No. 
Q Do you underaand what I mean when I say 
clad powders? 


A Right. 
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a Q What is your understanding of the term 


clad powders? 
4 A Something sticky or another thing, something 


sticking together. 


6 Q Are you familiar with any work on powders 
having a core of one material with a cladding or 


coating? 


That I understand. 


A 


Q You were. 


MR. GORDON: He said he understands. Now 


ask your question. 
8 Q You understand what that is. Did you do 
any work on that type of powder when you were at 
Metco? 


A Yes. 


17 Q Would you describe the powders you worked 
18 on? 
18 A I worked on abradable powders and Metco | 


20 3014s powder like that. 

What do you mean by abradable powder? 

That's exactly what I mean, abradable powder. 
What was the composition of the powder? 


I don't recall. 


Bs 8 8B 
so ,r @ Pr 8 


Are you familiar with a process by which 


kt kW 


«available? 


A 


Q 


Do you know if a copy of that letter is 


I might have it, I don't know. 
MR. SPRUNG: Would you produce it? 
MR. KAPRALOS: Yes. 


What were your first duties at Eut.ctic? 


In what department did you go to work at Eutectic, 


your first assignment. 


A 
Q 


A 


Q 
A 


Q 


was there-- 
A 


Q 


Q 


Whet departnent? 

Yes. 

Research and development. 
Whom did you work under? 
Under Mr. Quas. 


pid you directly report to Mr. Quaas or 


Directly to Mr. Quaas. 


Do you recall in wnat field your first 


MR. GORDON: Would you qualify field? 


What dd you do? Wht was your first 


research task? 


A 


My first task was to familiarize mvself 


with the materials. 


2s Ss 8 
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Q That were bejhg manufactured _ 


Eutectic? 
A That. were being manufactured by 
Eutectic. : 
Q Among the materials that you fai iliarized 


yourself with, was there anything involving nickel 


aluminum combinations? 


A No. 

Q Were there any clad powders? 

A No. 

Q No ciad powders whatsoever? 

A No clad powders whatsoever, in any form. 


Q Did you familiarize yourself with all the 
products that Eutectic was manufacturing at that. time 
or developing? 

A X tried to familiarize myself with their 


existing product wrich was related to electredes and 


flux. 
Q Just electrodes and fluxes? 
A Yes. 
Q How long did you spend at Eutectic trying 


to initially familiarize yourself with the products 
they were manufacturing? 


A Almost a year. 


: 
a 
— 
2. 


e 
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Q And you did nothing else during that 
year? 
A I did nothing else. 
Q What did you do, just read their 


brochures or how did you go about familiarizing 
yourself with their products? 

A They have many raw materials and other 
materials related to electrodes and flux, which takes 
a long time to familiarize. 

Q Did you physically get samples? 

A Tha particle size, screening, chemistry, 
things like that. 

Q I still don't quite understand. Did you 
go through a catalog that troy had? 

A I went to Q.C., to sve how they go about 


with the powders, familiarizirg myself. 


Q In other words, just learning the business. 
A Yes. 
Q In learning the busines. dia you also 


become concerned with the materials they were developing 


‘at that time or only the materials they were manufact- 
uring? 

f 

A Manu facturing. 


Q You were only concerned with manufacturing? 
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A Not manufacturing. Only products related 
to electrodes. 

Q Only materials reiated to electrodes? 

A And not the mode of manufacturing. 

Q You came to Eutectic at the end of °70? 

A 


Beginning of ‘71 or end of *70, last days 


Q And you spent until 1971, approximately, 
only familiarizing yourself with the composition 
of the electrodes that Eutectic was working on, is 


that correct, and fluxes? 


A Mainly raw materials. 
Q What do you mean by raw materials? 
A Like electrodes has its own composition 


and I wasn't familiar with that. 


Q What were you familiar with? 
A The materials going into the electrodes. 
Q In other words, the materials that Eutectic" 


used to manufacture the electrodes with, is that 


correct? 
A Say it again, please? 
(Question read.) 
A That's correct. 


Q Are you presently familiar with a product 
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manufactured by Eutectic known as ExoTex? 

A Presently? 

Q Yes. 

A Yes. 

Q When did you first acquire any information 
concerning this type of material? 

A When? 

Q When did you first acquire information 
concerning this type of material, and I am referring 
to the ExoTex? 

A You wan. a date? 

Q Approximateiy. 

ited in OC 

The end of ‘71? 

Yes. 

And how did you first acquire this 
information? 


A When I was assigned coloring the project, 


c 
the ExoTex material. 


Q The end of '71? 

A Yes. 

Q And how did you first acquire this 
information? 


A When I was assigned coloring the project, 


ROB 


ordinary flame spray material? 
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That it bonds on a substrate? 
When it is sprayed. 

When it's sprayed. 


Q How does that differentiate it from 


A The ordinary flame spray material will 


not bond, compared to this powder. 
Q When did you learn, if you did, what the a 


c 
composition of this ExoTex material was? 


A Like I say again, I might have learned along | 
j 


don't remember, or I don't recali anything that I learned 


the line of this project what composition was, but f 


| 
right away because I had no necessity to learn what | 
the composition of that powder was. J had no | 
necessity of learning it was a bond coat or used | 
for painting. | 

Q What is your present understanding of : 
what the ExoTex powder is? 

A My present understanding of the ExoTex 
powder is nickel and aluminum powder. 
2 In what form? 

Core material and you have aluminum outside. 


A 
Q Nickel core material? 
A 


Nickel core material. 


Se ee eee nin me nena s ines aS 
. 
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2 Q And it has an aluminum clading? 
3 A Right. 
4 Q - Are you familia: how the clading is 


5 applied? 


6 A Yes, like to put in a pot and mix with the 
7 mixer. 
8 Q The same 5-17 that you clad tiie powders as 


8 described inBchibit 81? 

10 A Siuilar matter, right. Let me tell you 

ll exactly. The way I made thatpowder was, put in the 

12. peaker and with kitchen tyre mixer, mix it. I don’t 

13 know how this: powder wis made. Maybe in another type 

144 of mixer. I don't know. 

15 Q Did you at one tise cove tr tne understanding 
16 8 =that the powder was made by mixing nickel pcwder, a resin 


17 and finelydivided aluminum powder together. 


18 A That's my understanding at the prevent time. 
13 Q When did you acquire this knowledge? 
20 A As the ~>roject progressed, I am beginning 


21 to learn about this. 
MR. GORDON: Can you pinpoint the date 


23 §=following, how many months or we%ks? 


24 THE WITNESS: I might hove learned it-- it 


takes a few days *o acquire a. ‘nis knowledge. c's 


KEK 
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A Which helps any reaction. 


Assiststhe reaction and doesn‘t take part 


in it? 


$ A Doesn't take part in it, but, like I said, 


I don't exactly understand right now what it exactly 
means. 


8 g Before, you mentioned Mr. Carroll as some- 


8 body whom you had worked with at Metco, and later 


at Eutectic. Was there anyone else that you recall 


No working with first at Metco and later Eutectic? 


3 A Not that I recall. 

- Q You don't recall, you say? 

Me A Not do I recall it. 

ea Q Did you ever come across @& fellow named 
s Tanzman? 


Yes. 
Where did you first meet him? 
I met him at Matco. 


A 
Q 
A 
Q While you were both working there? 
A 
Q 
A 


20 

ad While I was working at Metco. 

” ~ Bnd he was working there as well? 

= He was working =t Metco. 

id Q Did you ever work in connection with hin, 
3 


working in the same tasix, alongside each other or 
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doing supplemental work? 

A No, sir, because every engineer at Metco 
is assigned different projects. I had no need to 
. work with him. 

Q pid you ever consult with him there? 

A No, sir. 

Q What was your understanding as to the kind 
of work he did at Metco? 

A XI don't know what he did work on. 

@ You never discussed it? 


I never. discussed with hin. 


Did you leave Metco while he was still at 


A This is three years ago. I don‘t remember 
whether he left before me or I left before hin. 

Q But it is your understanding he is no 
longer at Metco? 

A That is what my understanding is. 

Q After you came to work at Eutectic, did 
Mr. Tanzman work there at any time? 

A After I left Metco? 

Q And joined with Eutectic, did Mr. Tanzman 
work there at any time? 


A % saw him at Eutectic. 
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a Q Was he doing work there or visiting? 


3 A He must be working because I saw him 


working there. 
5 Q What is the nature of the work that he 
has been doing at Eutectic, if you know? 
7 A I don't know. 

8 Q Did you ever discu:. with Mr. Tanzman your 
leaving Metco and coming to Eutectic? 


Not that I know of. 


A 


u Q When you were at Metco, did you ever meet 


2 a gentleman by the name of Mr. Constantine? 


8 A Yes, I saw him walking around there, at 
4 Metco. 
15 Q Was Mr. Constantine still at Metco at the 


18 time you left? 


17 4A When I left Meteo, I didn't see him 


18 working over there. 


18 Q When you joined with Eutectic, was Mr. 


20 constantine at Eutectic at that time? 


a A X don't recall seeing him over there. 

ad Q Have you ever seen him at Eutectic? 

2 A No. 

4 Q Are you aware c’. whether or not Mr. Tanzman 
2 


has done anywork at Eutectic in the flame spray field? 
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a A Like I said, I didn't know what he was 


3 doing there. 


4 MR. GORDON: Is the question Eutectic or 

5 Metco? 

6 MR. SPRUNG: Eutectic. 

7 A No, I didn't know either. 

® MR. KRAMER: 1 have nothing else. 

8 MR. SPRUNG: We would like to make another 


10 request that you ascertain the employment of Mr. 


i Tanzman in connection with Eutectic. 


8 MR. GORDON: I'm not quite sure what you 
13 want. 
4 MR. SPRUNG: I would like to know what 


5 projects he worked on, whether he had any relation 

16 to the subject matter in suit, whether he is regularly 

employed, consulting or what, and if he is a consul- 
18 tant, we would like to see his consulting agreement. 
” MR. KRAMER: At this time, I think we 
can adjourn the deposition. I can’t complete the 

{ examination because the Xuper Bond patent application 


which had been premised to us has not been produced, 


another Gate. 


22 
2 so that it may be necessary for you to come back on 
yr?) 
23 


“R. GORDON: Did you read the application? 
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